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ABSTRACT 

T h i s  e f f o r t  i n v o l v e s  t h e  d e s i g n ,  f a b r i c a t i o n ,  d e l i v e r y ,  

o p e r a t i o n  and maintenance of an HPC 1250 KVA geo the rma l  power 

c o n v e r s i o n  sys t em u s i n g  a h e l i c a l  screw expander  as the pr ime 

movzr. The d e l i v e r y  of the  power c o n v e r s i o n  sys t em was made to  

t h e  J e t  P r o p u l s i o n  Labora to ry  f o r  e v a l u a t i o n  and d e m o n s t r a t i o n  

w i t h  geo the rma l  ene rgy  c o n s i s t i n g  of h o t ,  u n t r e a t e d ,  c o r r o s i v e  

sca l e - fo rming  b r i n e s  and/or  v a p o r s ,  i n c l u d i n g  %e t o t a l  f low from 

geo the rma l  wells of such b r i n e s  and/or  vapors. 
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SUMMARY 

T h i s  e f f o r t  relates to  t h e  d e s i g n ,  f a b r i c a t i o n ,  d e l i v e r y ,  

o p e r a t i o n  and maintenance of a Hydrothermal Power Co., L t d .  ( H P C )  

1250 KVA Geothermal Power Converccion System, s u i t a b l y  adapted by 

HPC for t e s t i n g  and e v a l u a t i o n  by the Je t  P r o p u l s i o n  Labora to ry ,  

C a l i f o r n i a  I n s t i t u t e  of Technology ( J P L ) .  

The sys tem was des igned ,  eng inee red ,  and p a t t e r n e d  a f t e r  a 

62.5  KVA Power Conversion System p r e v i o u s l y  developed and succ?ss- 

f u l l y  tested by HPC. The design i n c o r p o r a t e d  Background P a t e n t s ,  

Know-how, and P r o p r i e t o r y  R i g h t s  p r e v i o u s l y  developed and owned by 

Roger S p r a n k l e  and HPC. HPC s t a f f  and p e r s o n n e l  p a r t i c i p a t e d  i n  a 

p r e l i m i n a r y  system d e s i g n  rev iew h e l d  a t  J P L  c o v e r i n g  t h e  1250 KVA 

Geothermal Power  Conversion System. 

The Power Conversion System f a b r i c a t i o n  inc luded  the p lann ing  

of a f a b r i c a t i o n  sequence s t a r t i n g  wi th  the e a r l y  i s suance  of pur- 

chase  orders for long  l e a d  time items and concluding  w i t h  satis- 

f a c t o r y  accep tance  t e s t i n g  by #'?Lo The i s s u a n c e  of pu rchase  

orders fo l lowed c o m p e t i t i v e  b idding .  F a b r i c a t i o n  inc luded:  ( 1 ) 

s e c u r i n g  of a V i b r a t i o n  and T o r s i o n a l  A n a l y s i s ;  ( 2 )  e s t a b l i s h m e n t  

o f  a Q u a l i t y  Assurance Program: arid ( 3 )  t h e  development of  a 

P r o p e r t y  C o n t r o l  Procedure ,  a c c e p t a b l e  to the U.S. Government. 

To assist i n  the  e v a l u a t i o n  p r o c e s s ,  C a l i b r a t i o n  and P e r -  

formance data  f o r  both t h e  Speed Reducer and Alternator were 

o b t a i n e d .  

Copies  of  t h e  mznufac tu re r s '  manuals or i n s t r u c t i o n s  f o r  each 

major assembly or sub-assembly were obtained i n  so f a r  as a v a i l -  

able.  
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HPC also provided e n g i n e e r i n g  s e r v i c e s  t o  JPL for the purpose 

o f :  ( 1 )  p l ann ing  for s u p p o r t  and i n t e r f a c e  equipment t o  be 

p rov ided  by JPL to  be used i n  t e s t i n g  and e v a l u a t i o n ;  ( 2 )  t h e  

selection of a geothermal  t e s t  s i t e  s u i t a b l e  f o r  performance 

e v a l u a t i o n ;  and ( 3 )  t h e  development of detailed p l a n s  for s i t e  

p r e p a r a t i o n  and performance e v a l u a t i m  of  t h e  Power System. 

Fol lowing f a b r i c a t i o n  of  t h e  Power System, h y d r o s t a t i c  

t e s t i n g  of t h e  p r o c e s s  p i p i n g  and prime mover hous ing  was 

s u c c e s s f u l l y  accomplished a t  t h e  hPC f a c i l i t i e s ,  a f t e r  wh ich  

accep tance  t e s t i n g  was commenced. During t h e  ac -p tance  t e s t i n g  

p r o c e d u r e s ,  f o u r  equipment f a i lu re s  were expe r i enced .  Acceptance 

t e s t i n g  was s u c c e s s f u l l y  concluded and t h e  System f o r m a l l y  

d e l i v e r e d  on December 4,  1977.  

A su rvey  of geothermal  w e l l  sites was concluded w i t h  the 

s e l e c t i o n  of w e l l  N o .  54-3, owned by P h i l l i p s  Petro?ecrm Co., and 

located a t  Roosevel t  Hot S p r i n g s ,  near Mi l fo rd ,  Utah. 

Fol lowing o n - s i t e  i n s p e c t i o n  of the w e l l  and t e s t  f a c i l i t i e s  

a t  Raoseve l t  Hot S p r i n g s ,  a pre-engineered metal  " B u t l e r  Bu i ld ing"  

was o r d e r e d ,  and the Power Conversion System was sh ipped  t o  Utah .  

The Power System was then  i n s t a l l e d  and assistance g iven  to t h e  

JPL P r i n c i p a l  I n v e s t i g a t o r ,  D r .  R ichard  A. McKay, ,.?overing d e t a i l s  

o f  t h e  t e s t i n g  and e v a l u a t i o n .  The o p e r a t i o n  of the Power System 

i n  Utah f o r  t h e  purposes  of  t e s t i n g  and e v a l u a t i o n  by JPL  was 

concluded on November 1 4 ,  1379. The Power Sy'xtem and r e l a t e d  

s u p p o r t  and t e s t  equipment was sh ipped  t o  Cer ro  PriLto ,  Mexico, on 

December 1 ,  1979. 
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IN’ R03UCTION - 

The e x p l o i t a t i o n  of Geothermal Energy is inc luded  among t h e  

e f f o r t s  of t h e  U.S. Government t o  r e s o l v e  t h e  c r i t i c a l  e n e r g y  

needs  of its c i t i z e n s .  Geothermal Energy is known to e x i s t  i n  t h e  

form of dry-s team which is rare and e a s i l y  developed.  However, 

Geothermal Energy e x i s t s  more abundan t ly  i n  t h e  form of h o t  

m i n e r a l i z e d  water wells. U n t i l  t h e  development o f  t h e  Helical 

Screw Expander, e x p l o i t a t i o n  o f  h o t  water r e s o u r c e s  had been 

s e r i o u s l y  hampered because no s u i t a b l e  prime mover was a v a i l a b l e  

fo r  u s e  wi th  the f l u i d s  from t h e s e  w e l l s .  I t  h a s  been n e c e s s a r y  

t o  produce a vapor  to  d r i v e  a t u r b i n e ,  e i t he r  by f l a s h i n g  part of 

t h e  b r i n e  t o  steam, as is done a t  Cerro Prieto,  Mexico, or by 

b o i l i n g  a secondary  f l u i d  i n  a h e a t  exchanger .  I n  the steam 

f l a s h i n g  process, much ene rgy  is los t  i n  t he  waste h o t  b r i n e  which 

flows from t h e  steam separators. Although h o t  m i n e r a l i z e d  water 

wells are common, advanced t e c h n i c a l  development is r e q u i r e d  to 

overcome n o t  o n l y  the s c a l i n g ,  c o r r o s i v e ,  e r r o s i v e  characterist ics 

of t h e  waters, b u t  also t h e  h o s t i l e  environment  i n  which most of 

these h a t  waters are found. 

N e w  technology has been developed  by Hydrothermal Power Co .  , 
L t d .  (EIPC) i n  e x t e n s i v e  research r e s u l t i n g  i n  P a t e n t s ,  Know-how, 

and P r o p r i e t o r y  R igh t s  deve loped  i n  connec t ion  wi th  a p r o t o t y p e  

62.5  KVA Power System. The p r o t o t y p e  HPC Power System u t i l i z e s  

t h e  h e l i c a l  r o t o r y  screw expander  d e s i g n  as a prime mover d r i v -  

i n g  a c o n v e n t i o n a l  62 .5  W A  g e n e r a t o r  a t  speeds c o n t r o l l e d  by 

a governor .  The p r o t o t y p e  HPC Power System is portable and 
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i n t r i n s i c a l l y  s e l f - c l e a n i n g  i n  t h e  rotor areas. I t  is c a p a b l e  of 

u s i n g  t h e  l i qu id -vapor  mix tu re  as  it comes d i r e c t l y  from t h e  w e l l .  

The p r o t o t y p e  u n i t  was s u c c e s s f u l l y  tes ted by o p e r a t i n g  d i r e c t l y  

on h o t ,  u n t r e a t e d ,  corrosive scale forming b r i n e s  and vapor s  from 

wells located a t :  Cerro P r i e t o ,  Mexico (M-7) (M-10); East Mesa, 

n e a r  El Cent ro ,  C a l i f o r n i a  ( 6 2 - 1 ) ;  and a geo the rma l  w e l l  n e a r  

N i l a n d ,  C a l i f o r n i a  ( S i n c l a i r  8 4 ) .  

The 2PC p r o t o t y p e  62.5  KVA power sys t em was t h e  f irst  known 

power g e n e r a t o r  to  use the t o t a l  f low of  h o t  u n t r e a t e d  b r i n e  and 

v a p o r s  d i r e c t l y  from a geo the rma l  well. The HPC p r o t o t y p e  power 

sys t em disclosed some i n t e r e s t i n g  and u s e f u l  t echno logy  which HPC 

b e l i e v e d  would a s s i s t  i n  t h e  e a r l y  u t i l i z a t i o n  o f  ene rgy  from 

geo the rma l  b r i n e s .  The f o l l o w i n g  o b s e r v a t i o n s  and c o n c l u s i o n s  

were o f f e r e d  i n  s u p p o r t  of this b e l i e f .  P a r a g r p a h s  2 t h rough  5 o f  

t h e  f o l l o w i n g  were taken  from t h e  w r i t i n g s  of  R. McKay, JPL. 

1 .  The h e l i c a l  screw expander  is a p u r e  r o t a r y p  p o s i t i v e  

d i s p l a c e m e n t  machine. The p o s i t i v e  d i s p l a c e m e n t  f e a t u r e  

allows the machine to  operate e f f e c t i v e l y  o v e r  a broad 

r a n g e  o f  geothermal c o n d i t i o n s .  The pure r o t a r y  motion 

allows o p e r a t i o n  i n  a much h i g h e r  speed range  t h a n  

r e c i p r o c a t i n g  machines  allow. T h u s ,  h e l i c a l  r o t a r y  

screw expander s  up to t h e  f i f t y  MW s i z e  r ange  are 

r e a d i l y  f e a s i b l e  and a re  i d e a l l y  su i t ed  to  qeo the rma l  

a p p l i c a t i o n s .  

2 .  As a geo the rma l  prime mover, t h e  HPC h e l i c a l  screw 

expander  is a t o t a l  f low machine which  can  expand 

e i r e c t l y  t h e  vapor  t h a t  is c o n t i n u o u s l y  be ing  produced 
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from t h e  h o t  sa turated l i q u i d  as it decreases i n  pres- 

sure d u r i n g  its passage through t h e  expander .  (See 

Appendix E f o r  cutaway view of prime mover.) The e f f e c t  

i s  t h a t  of an i n f i n i t e  series of s t a g e s  o f  steam 

f l a s h e r s ,  a l l  w i t h i n  t h e  prime mover. Thua, t h e  mass 

f l o w  o f  vapor  i n c r e a s e s  c o n t i n u o u s l y  as  t h e  pressure 

drops th roughou t  t h e  expans ion  process and t h e  t o t a l  

f l u i d  is carried a l l  t h e  way to t h e  lowest expans ion  

p r e s s u r e  . The process approx ima tes  an  i s e n t r o p i c  

expans ion  from t h e  s a t u r a t e d  l i q u i d  l i n e  for t h e  t o t a l  

flow. The geothermal  f l u i d  f l o w s  through an i n t e r n a l  

n o z z l e  c o n t r o l  v a l v e  and a t  h i g h  v e l o c i t y  e n t e r s  t h e  

h i g h  p r e s s u r e  pockets formed by the meshed rotors,  the 

rotor case bore s u r f a c e s ,  and the case end f a c e .  As the 

rotors t u r n ,  t h e  pocket e l o n g a t e s ,  s p l i t s  i n t o  a V, and 

moves away from t h e  i n l e t  port. With  con t inued  rota- 

t i o n ,  t h e  V l e n g h t e n s ,  expanding s u c c e s s i v e l y  as the 

p o i n t  of meshing of t h e  scrr rs appears to re t rea t  

a x i a l l y  from t h e  expanding f l u i d .  The expanded f l u i d  a t  

low p r e s s u r e  is then  discharged i n t o  the e x h a u s t  p o r t .  

3. C o n d i t i o n s  f o r  minera l  p r e c i p i t a t i o n  from satitrated 

b r i n e s  w i t h i n  t h e  expander  occur for s e v e r a l  i n t e r r e -  

l a t e d  reasons, i n c l u d i n g  t empera tu re  decrease, p r e s s u r e  

decrease, s o l v e n t  removal,  t u r b u l e n c e  and t h e  p r e s e n c e  

of n u c l e a t i o n  sites. ?he i n t e r n a l  s u r f a c e s  of  t h e  

expander  s e r v e  as  mine ra l  depos i t im sites. Minera l  

d e p o s i t i o n  on t h e s e  surfaces accompl ishes  s e v e r a l  
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4 .  

beneficial results.  The thickness of the mineral layer 

increases u n t i l  the rotor-to-rotor and rotor-to-case 

leakage clearances disappear and the mineralized s u r -  

faces are continually lapped: steady s ta te  is reached. 

The loss of leakage clearances resul ts  i n  substantizl 

increase i n  the efficiency of the expander. This 

clearance removal mechanism makes possible the use of 

l ess  expensive fabrication and machining procedures 

d u r i n g  manufacture, and also makes the expander self-  

healing i n  the event that scarring of the case or rotors 

should occur. Moreover, the mineral layer has becn 

demonstrated to prov. 3e excellent protection of the case 

and rotors against corrosion. T h i s  protection provides 

greater f lex ib i l i ty  i n  the selection of relatively low 

cost materials af constructim. S i m i l a r l y  erosior! is 

minimal, ei ther because the scale layer forms a protec- 

t ive coating or because the f l u i d  velocities w i t h i n  the 

machine are not h i g h ,  or both. 

The lapping process associated w i t h  the minerals which 

are deposited on the machine surfaces w i t h i r .  the 

expander is a source of suspended nuclei for additional 

mineral deposition and crystall ization w i t h i n  the 

expander. I n  an experimental investigation of mineral 

deposition carried out i n  October, 1971,  while operating 

a prior helical  screw expander on Well M-10 a t  Carro 

Prietc,  HPC staff  observed that mineral deposition 

cccured either almost exclusively w i t h i n  the expander or 

on the seed particl: . .  traveling w i t h  the exhaust brine. 

4- 



After 307 h o u r s  of opera t ion ,  t h e  depos i t s  ranged from 

5 / 3 2  inc. a t  t h e  expander exhaust por t  to  1 / 6 4  i n .  50 

f e e t  downstream. I n  the absence of t h e  expanderp the 

same well and feedl ine  plugged s h u t  a 12 i n .  exhaust 

pipe i n  approximately 8 0  hours. T h i s  c h a r a c t e r i s t i c  of 

mineral p r e c i p i t a t i o n  occbring p r e f e r e n t i a l l y  w i t h i n  t h e  

expander, e i t h e r  on t h e  expander sur faces  which  a r e  

se l f -c leaning ,  or  harmlessly i n  suspension, is h i g h l y  

b e n t f  i c i a l .  The tendency to depos i t  s ca l e  downstream 

appears t o  be negl ib le ,  a t  l e a s t  along an isothermal 

path.  This is important, not only for  i n t e r s t aq ing ,  b u t  

a l s o  i n  waste l i nes .  . 
5 .  Essent ia l  to  h i g h  engine e f f i c i ency  is small leakage 

p a s t  the ro tors .  T h i s  requi res  small c learances,  both 

rotor- to-rotor  and rotti:-to-case. The  minute c learances 

brought about by the w e t  lapping of the mineral depos i t s  

i n  t h e  seothermai expancier leads t o  maximum e f f  ic iences  

i n  t h i s  new unique appl ica t ion .  

Three energy conversion concepts -- t h e  Flashed Steam System, the 

Binary Cycle System, and the Total  Flow System -- a r e  present  

contenders fo r  producing e l e c t r i c i t y  from hot-water gmthermal  

resources.  I n  t h e  Total  Flow System, a s  represented by the HPC 

Hel ical  Rotary Screw Expander Power System, ;he hot wellhead 

product follows an i s en t rop ic  expansior d i r e c t l y  from the wellhead 

thrsagh the  prime mover to  t h e  exhaust pressure and temperature. 

The system is thermodynamically the simplest  and is t h e o r e t i c a l l y  

optimum. 
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r'he successful  operation cf the HPC 62.5  KVA prototype system 

led HPC to  the conclusicn t h a t  the de . iSn  and mns t ruc t ion  of a 

commercial s i z e  system was possible .  I n  April of 1973 ,  two engi- 

neers  from t h e  J e t  Propulsion Laborztory t.wreG ".r;e g e ~ t h e r n a l  

s i t e  a t  Cerro P r i e t o ,  Mexico, and observed the 62.5 W A  power 

p l a n t  i n  operat ion.  They agreed w '  .h t h e  conclusions of HPC 

s t a f f .  

A p ro j ec t  proposal c a l l i n g  fo r  the construct ion and evalua- 

t i o n  of an HPC dcaigned 1250 KVA Geothermal Power System was 

prepared by the J e t  Propulsion Laboratory i n  consulation w i t h  HPC, 

and submitted to ,  and eventual ly  approved by, The National Science 

Foundation. The p ro jec t  was t h e r e a f t e r  preempted by the Energy 

Research and Development Administration (ERDA) and then by the 

U.S. Departnct't: of Energy, ( D O E ) ,  Eivision of Geothermal Energy, 

present  sponsors of the pro jec t .  

The p ro jec t  plan ca l led  fo r  the construct ion af a modular RPC 

1250 KVA Geothermal Powr System, incorporating the h e l i c a l  ro to ry  

screw expar.ier a s  the prim+ nover, t o  be operated on t o t a l  flow 

br ine  w i t h  an evaluat ion of the power system's mechanical and 

thermodynamic performance by J P L ,  An intpragency agreenent 

between ERDA and NASA r e su l t ed  i n  the au thor iza t ion  of and 

financing fo r  t h e  pro jec t .  D r .  Richard A. McKay, proposal author ,  

was assigned to plan,  co-ordinate and manage the  p ro jec t  as  

techniTa1 manager and p r inc ipa l  inves t iga tor  on behalf of JPL  and 

NASA.  
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J e t  Propulsion Laboratory contrac -ed with HPC for design, 

fabrication, delivery, operation and maintenance of an HPC 1250 

KVA Geothermal Power Conversion System, with testing and evalua- 

tion to be carried out by JPL. An impartial mechanical and 

thermodynamic performance report and evaluation are the responsi- 

bility of JPL. 

-7- 



TECHNICAL D I S C U S S  I O N  

The d e s i g n  and e n g i n e e r i n g  f o r  t h e  1250 KVA Power Convers ion  

System b u i l t  d u r i n g  t h e  e f f o r t  be ing  reported were based upon a 

p r o t o t y p e  6 2 . 5  KVA Power Convers ion  System p r e v i o u s l y  d e s i g n e d ,  

e n g i n e e r e d  and c o n s t r u c t e d  by Hydrothermal Power Co. ,  Ltd.  (HPC)  . 
The d e s i g n  i n c o r p o r a t e d  Background P a t e n t s ,  Know-How and P r o p r i e -  

t o r y  R i g h t s  p r e v i o u s l y  deve loped  and owned by BPC. Appendix A is 

a D e s c r i p t i v e  S p e c i f i c a t i o n  of t h e  1250 KVA Power Convers ion  

System. 

The f o l l o w i n g  d i s c u s s i o n  h a s  been a r r a n g e d  i n  c h r o n o l o g i c a l  

order f o r  ease of unde r s t and ing .  The time period is from s t a r t  of 

p l a n t  c o n s t r u c t i o n ,  J a n u a r y  16 ,  1976, t h rough  sh ipment  from t h e  

Rooseve l t  Hot S p r i n g s ,  Utah test s i t e  to  Cerro Pr ie to ,  Mexico, on 

December 1 ,  1979. 

Immedia te ly  f o l l o w i n g  c o n t r a c t  e x e c u t i o n ,  v a r i o u s  manufac- 

t u r e r s  were c o n t a c t e d  f o r  c u r r e n t  q u o t a t i o n s  c o v e r i n g  price and 

a v a i l a b i l i t y  for major long- lead  t i m e  items. C o n s i s t e n t  w i t h  

c o m p e t i t i v e  b i d d i n g ,  " R e q u e s t s  for  Q u o t a t i o n s , "  were issued,  A 

copy of t h e  f a c e  sheet of the HPC, "Request  f o r  Q u o t a t i o n , "  form 

ic at tached as Apendix B. 

The p lanned  method of c c n s t r g c t i o n  of the prime mover hous ing  

was changed from c a s t i n g  t o  fabr ica t ing .  A meet ing  a t  t h e  Cerro 

Pr ie to  Geothermal P l a n t  was conducted  w i t h  t h e  CFE Dept. o f  

Geothermal S tud ie s  c o v e r i n g  t h e i r  recommended materials of 

cons  t ruc t  ion .  Their recommendations were m - o r d i n a t e d  w i t h  

material a v a i l a b i l i t y  from s u p p l i e r s .  T h e i r  recommendations also 

covered  materials of c o n s t r u c t i o n  for t h e  ent i re  p l a n t ,  
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A bas ic  layot i t  o f  t h e  expander  hous ing  was d r a f t e d .  The 

l a y o u t  was d e t a i l e d  i n t o  shop  drawings  soon a f t e r  rotor d e t a i l s  

were f i n a l i z e d .  Appointments were a r r a n g e d  wi th  s h a f t  seal and 

b e a r i n g . m a n u f a c t u r e r s .  Appendix C c o n t a i n s  f a c s i m i l e  c o p i e s  of  

r e c o r d s  of t h e  chemica l  a n a l y s i s ,  - h a n i c a l  a n a l y s i s ,  and 

n o n - d e s t r u c t i v e  t e s t i n g  records r e l a t i v e  ko t h e  rotor f o r g i n g .  

Appendix D c o n t a i n s  f a c s i m i l e  c o p i e s  of chemical and mechanica l  

a n a l y s i s  of material used i n  t h e  pr ime mover hous ing .  Appendix E 

shows a cutaway view of t h e  pr ime mover. 

A meet ing  w i t h  a b e a r i n g  suppl ier  covered  t h e  t h r u s t  and 

j o u r n a l  b e a r i n g s .  T h e i r  q u o t a t i o n  i n c l u d e d  s t r a i n  gauges  and 

thermocouples  i n  t h e  t h r u s t  bear incj  pads  and thermocouples  i n  the  

j o u r n a l  b e a r i n g  b a b b i t t .  A l l  main b e a r i n g s  were s ized  w i t h  a u n i t  

l o a d i n g  of  150 p s i  or less. A meet ing  was h e l d  wi th  a s h a f t  seal 

s u p p l i e r .  V 3 r i o u s  d e s i g n s  were d i s c u s s e d ,  i n c l u d i n g  the s h a f t  

seal d e s i g n  i n  t h e  e x i s t i n g  HPC 62 .5  KVA Power System. 

I n  March, 1976,  a meet ing  was h e l d  wi th  JPL p e r s o n n e l  cover-  

i n g  the e l ec t r i ca l  i n t e r f a c i n g  between t h e  power System and Je t  

Propulsion Labora to ry  e v a l u a t i o n  equipment .  A l l  major e lec t r ica l  

equipment  be long ing  to t h e  Power System and s u p p l i e d  by HPC was 

made r eady  f o r  pslrchase.  Minor  d e t a i l s  o f  i n t e r f a c i n g  were sched- 

u l e d  f o r  accomplishment  d u r i n g  assembly.  S u g g e s t i o n s  conce rn ing  

t h e  a l t e r n a t o r  d e t a i l s  were made by t h e  J P L  t e c h n i c a l  s t a f f  and 

these d e t a i l s  i n c o r p o r a t e d  i n t o  t h e  a l te rna tor  d e s i g n .  A i s o ,  t h e  

raw d a t a  f o r  t h e  v i b r a t i o n  and t o r s i o n a l  a n a l y s i s  of t h e  main 

d r i v e  t r a i n  was assembled and made r eady  f o r  t h e  a c t u a l  a n a l y s i s .  

I n  a d d i t i o n ,  t h e  shop  l a y o u t  and s u p p l i e s  were organf zed and pre-  

p a r e d  f o r  t h e  d e l i v e r y  of  t h e  f i r s t  raw m a t e r i a l s .  
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I n  t h e  f o l l o w i n g  three ( 3 )  months,  d e t a i l s  of t h e  pr ime mover 

were a t t e n d e d  to and p repa red  f o r  shop  drawings .  I t ems  covered  

i n c l u d e d  t h e  s h a f t  seals ,  b e a r i n g s ,  O-r ings ,  s h i m s  and g a s k e t s ,  

b o l t  s ize  and l o a d i n g ,  and t h e  hous ing  f ab r i ca t ion  sequence .  

items a d d r e s s e d  wi th  r e s p e c t  to  t h e  en t i re  power pLant i nc luded  

t h e  s k i d  pad, p r o t e c t i v e  c o a t i n g s ,  minor e lec t r ica l  d e t a i l s ,  and 

t h e  gove rnor  c o n t r o l  r e s p o n s e  character is t ics .  Governing of t h e  

p l a n t  is ach ieved  by c . . i t r o l l i n g  t h e  p o s i t i o n  o f  a moveable 

n o z z l e  component which forms ?art  of t h e  h igh  p r e s s u r e  p o r t  of t he  

pr ime mover. The h y d r a u l i c  c o u p l i n g  between t h e  governor  and t h e  

c o n t r o l  n o z z l e  i s  i d e n t i c a l  t o  t h e  e x i s t i n q  62.5 KVA power p l a n t  

l i n k a g e ,  e x c e p t  f o r  a second s t a g e  h y d r a u l i c  a m p l i f i e r  to  h a n d l e  

t h e  g r e a t e r  work load of t h e  l a r g e r  c o n t r o l  n o z z l e  component. 

I n  order to  a s s u r e  q u a l i t y  and c o n f o r m i t y  between purchase 

o r d e r s  and pu r  :based p a r t s ,  an aFproved Q u a l i t y  Control Troceduro  

was adopted .  A record h a s  bee9 main ta ined  of a l l  s i g n i  Lcant 

purchased  p a r t s .  Appendix F sets f o r t h  t h e  establi 'he? Q u a l i t y  

C m t r o l  Procedure and a copy of t h e  form f o r  r e c o r d s  ma in ta ined .  

While c o n s t r u c t i o n  of t h e  pr ime mover hous ing  p r o g r e s s e d  

r o u t i n e l y ,  a t t e n t i o n  was a l so  d i r e c r e d  LO t h e  s a f e t y  shutdown 

sys tem and e n g i n e e r i n g  d a t a  for t h e  l u b r i c a t i o n  conso le .  

T h e  b a s i c  s a f e t y  shutdown systntn  c o n s i s t s  of a g a t e  v a l v e  

l o c a t e d  i n  t h e  i n l e t  p i p e l i n e  t o  t h e  L m e  mover. T h i s  g a t e  

v a l v e  is h e l d  open by a doub le  a c t i n g  c y l i n d e r  wh ich ,  on loss of 

e l e c t r i c a l  s i g n a l ,  w i l l  close t h e  v a l u e  a u t o m a t i c a l l y .  Various 

s e n s i n g  s w i t c h e s  t h roughou t  t h e  p l a n t  c o n t r o l  t h i s  e l ec t r i ca l  

s i g n a l .  I n  a d d i t i o n  t h e  governor  c o n t r o l  n o z z l e  t r i p s  to 
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the  c.osed posi t ion on loss of e l ec t r i ca l  s i g n a l  due  to a f a u l t .  

The gntie v a l v e  c o n s t r u c t i o n  was chosen w i t h  t h e  a s s i s t a n c e  of 

e n g i n e e r s  f rom Cerro Prieto,  Mexico, and c o n t a i n s  both  d e s i g n  and 

mate.r:als known to be t o l e r a n t  to  c o r r o s i v e  geo the rma l  b r i n e s .  

Aaper3 ix  B shows material used f o r  g a t e  v a l v e  c o n s t r u c t i o n .  

'The r e q u i r e m e n t s  t o  the  l u b r i c a t i o n  system i n v o l v e  t h e  prime 

mover,  speed r e d u c e r ,  and gove rnor  system. The pr ime mover re- 

q u i r e q e n t s  e n t a i l  t h e  b e a r i n g s ,  seals,  t i m i n g  g e a r s ,  and t h e  heat 

trarir I e r  th rough t h e  hous ing .  The speed reducer r e q u i r e m e n t s  

' n v o l v e  the  b e a r i n g s  and g e a r s .  The gove rnor  sys t em r e q u i r e m e n t s  

i r lc lude  t h e  g w e r n o r ,  h y d r a u l i c  servo, h y d r a u l i c  a m p l i f i e r  and 

double  a c t i n g  c y l i n d e r .  A small r e q u i r e m e n t  is also n e c e s s a r y  f o r  

th-?  automatic g a t e  s top  va lve .  A f t e r  cnese  items were d e f i n e d ,  

anc' w i t h  t h e i r  r e q u i r e m e n t s  known, t h e  l u b r i c a t i o n  console was 

s ikel  a c c o r d i n g l y  and c o n s t r u c t i o n  s tar ted.  

'The main  d r i v e  c o u p l i n g s  are of the f l e x i b l e  g e a r  t ype .  The 

h i g h  3peed c o u p l i n g  is a s p a c e r  t y p e  g e a r  c o u p l i n g  wi th  a NEMA 

s t a n d a r d  d iamet r ic  cape r  hub on t h e  expander  s ide  f o r  ease o f  

removal.  Beth hubs  have p u l l e r  holes. The low speed c o u p l i n g  is 

an  o v c r i o a d  t y p e  jear  coup l ing .  Both o f  these hubs have p u l l e r  

holes.  The p u - l e r  h o l e s  allow t h e  e a s y  removal o f  t h e  hubs  f o r  

g e a r  i n t e r  ,.iange i n  t h e  speed  reducer. 

F l l o w i n g  d e s i g n  comple t ion  o f  t h e  main d r i v e  t r a i n  coup- 

l j .  js, a v i b r a t i o n  and t o r s i o n a l  a n a l y s i s  of the  main  d r i v e  t r a i n  

das perfornred. Appendix G contair,; t h e  v i b r a t i o n  and to rs iona l  

ana  lys i s 
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C o n c u r r e n t l y  w i t h  t h e  p l a n t  c o n s t r u c t i o n ,  assistance was 

g i v e n  to  J P L  i n  a s i t e  s e l e c t i o n  s u r v e y  f o r  p l a n t  e v a l u a t i o n .  

V a r i o u s  p o t e n t i a l  s i t e s  were v i s i t e d  i n  August,  October, December, 

and  J a n u a r y ,  1977. As p a r t  of t h e  s i t e  s e l e c t i o n  s u r v e y ,  a t o u r  

was made o f  t h e  Rooseve l t  Hot S p r i n g s  area i n  U t a h ,  be ing  d e v e l -  

oped by P h i l l i p s  Pe t ro l eum Co. T h i s  s i t e  was c v e n t u a l l y  chosen as 

hav ing  t h e  bes t  p o t e n t i a l  of f u l f i l l i n g  t h e  needs of t h e  e v a l u -  

a t i o n  p r o j e c t .  Major f a c t o r s  a f f e c t i n g  t h i s  choice were t h e  

a v a i l a b i l i t y  of e f f l u e n t  disposal,  h igh  wellhead f low and 

e n t h a l p y ,  p o t e n t i a l  c o n t i n u o u s  o p e r a t i o n  of the  w e l l ,  and w e l l  

f l ow s t a b i l i t y .  

From J a n u a r y  through March, 1977,  a major e f f o r t  was ex tended  

t o  t h e  weld ing ,  g r i n d i n g ,  machining,  and fabr ica t ion  of t h e  pr ime 

mover. The hous ing  m i d s e c t i o n  advanced through numerous s teps ,  

i n c l u d i n g  the su-rEacing of t h e  end faces, f i n i s h  welding tz t h c  

e x h a u s t  s e c t i o n ,  and set-up for bor ing .  The i n l e t  port and n o z z l e  

area was o r g a n i z e d ,  prepared for s h a p i n g ,  and shaped for accep-  

t a n c e  of t h e  control n o z z l e  component. The hous ing  was a l i g n e d  

and p inned  and t h e  m i d s e c t i o n  f i n i s h  machined. The i n l e t  p o r t  

f l a n g e  and foot pads  were welded t o  the  hous ing  and t h e  hous ing  

was aeaembled i n  p r e p a r a t i o n  for h y d r o s t a t i c  t e s t i n g .  Numerous 

minor items were fabricated such as  s p e c i a l  tools  f o r  assembly and 

d i s a s s e m b l y  of t h e  prime mover, an a l i g n m e n t  f i x t u r e  to  p o s i t i o n  

t h e  pr ime mover on t h e  s k i d  pad,  and h y d r o s t a t i c  test  pump 

equipment  . 
T h e  h y d r o s t a t i c  t e s t i n g  of t h e  pr ime mover hous ing  invo lved  

two r e g i o n s ,  t h e  h i g h  p r e s s u r e  r e g i o n  and e x h a u s t  r e g i o n .  For 
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h y d r o s t a t i c  t e s t i n g ,  t h e  h i g h  pressure r e g i o n  was i s o l a t e d  from 

t h e  e x h a u s t  r e g i o n  w i t h  a bulkhead  f i x t u r e .  On A p r i l  7 ,  t h e  mid 

and  low p r e s s u r e  r e g i o n s  were h y d r o s t a t i c a l l y  t e s t e d  to  450  PSIG, 

f o l l o w i n g  t h e  ASME Boiler and P r e s s u r e  Vessel Code. On J u n e  29 ,  

t h e  h i g h  p r e s s u r e  r e g i o n  was h y d r o s t a t i c a l l y  t e s t e d  t o  1080 PSIG, 

f o l l o w i n g  t h e  ASME Boiler and Pressure Vessel Code. A h y d r o s t a t i c  

t e s t  was a l s o  conducted  on  a l l  onboard i n l e t  p i p i n g  p r i o r  t o  

i n s t a l l a t i o n .  

C o n c u r r e n t l y  wi th  h y d r o s t a t i c  t e s t i n g ,  numerous other  items 

were completed.  I n s p e c t i o n  and a c c e p t a n c e  t e s t i n g  was made on t h e  

speed  r e d u c e r .  Appendix H c o n t a i n s  e f f i c i e n c y  and per formance  

c u r v e s  f o r  t h e  speed reduce r .  The a l t e r n a t o r  had been tes ted  and 

i n s p e c t e d  ear l ier .  Appendix I c o n t a i n s  e f f i c i e n c y  and per formance  

c u r v e s  r e l a t i n g  t o  t h e  a l t e r n a t o r .  

The pr ime mover was assembled f o r  an a l i g n m e n t ,  c l e a r a n c e  

check, and p i n n i n g  of mat ing  p a r t s .  Rotor machining and hard-  

f a c i n g  were completed and t h e  rotors balanced w i t h  b e a r i n g ,  sea l ,  

and c o u p l i n g  p a r t s  at tached. R e s i d u a l  imbalance is shown i n  

Appendix J. H y d r a u l i c  plumbing was completed f o r  t h e  s h a f t  seals, 

g o v e r n o r ,  b e a r i n g s ,  and b u f f e r  g r e a s e  system. I n s t a l l a t i o n  of 

e lec t r ica l  s w i t c h g e a r ,  w i r i n g ,  and i n s t r u m e n t a t i o n  was p a r t i a l l y  

completed wi th  c a l i b r a t i o n  of s a f e t y  s t o p  s e n s o r s .  

Subsequent  t o  t h e  h y d r o s t a t i c  t e s t i n g ,  t h e  assembled prime 

mover, speed  reducer, and a l te rna tor  were mounted and a l i g n e d  

on  t h e  main  s k i d  pad. The a l t e r n a t o r  was mounted f i r s t  

and b o l t e d  d i r e c t l y  t o  t h e  s k i d  pad and a l i g n e d  w i t h  s tu6s  to t h e  

a l t e r n a t o r  f e e t .  N e x t ,  t h e  speed r e d u c e r  was mounted to  t h e  main  
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s k i d .  Alignment was e f f e c t e d  by u s i n g  t h e r m o p l a s t i c  g r o u t ,  b r a s s  

shims and a l ignmen t  s t u d s  t o  t h e  speed  r e d u c e r  f e e t .  F i n a l l y ,  t h e  

pr ime mover was a l i g n e d  to  t h e  speed r e d u c e r  i n  t h e  same f a s h i o n .  

With t h e  main d r i v e  t r a i n  mounted and a l i g n e d ,  t h e  d r i v e  c o u p l i n g s  

were i n s t a l l e d  and a t t e n t i o n  d i r e c t e d  towards t h e  completion of  

s u b - s y s t e m s  i n  p r e p a r a t i o n  for dynamic p l a n t  t e s t i n g .  

P r i o r  to  dynamic t e s t i n g ,  p l a n n i n g  was done by s t a f f  from 

HPC and J P L  and a p rocedure  fo rmula t ed  e n t i t l e d ,  "System T e s t  and 

Acceptance Procedure" .  The p rocedure  fo l lowed by bot!-, J P L  and HPC 

s t a f f  is set f o r t h  i n  Appendix K. 

Dynamic p l a n t  t e s t i n g  was schedu led  f o r  August 13 ,  1977.  The 

f i r s t  h a l f  of t h e  month invo lved  p r e p a r a t i o n  f o r  t h i s  t e s t i n g .  A 

f a u l t y  ove r speed  s w i t c h  was r e p l a c e d ,  and a des i t jn  impro*;ement was 

made to  t h e  governor  o v e r r i d e  s o l e n o i d  v a l v e s  i n v o l v i n g  t h e  

h y d r a u l i c  p o r t  locat ion on t h e  gove rnor .  

F o r  dynamic t e s t i n g ,  compressed a i r  was used as  t h e  mot ive  

f l u i d  t o  d r i v e  t h e  pr ime mover. The dynamic t e s t i n g  vlas termi- 

n a t e d  e a r l y ,  a f t e r  a s p l i n e  d r i v e  t o  t h e  governor  s h e a r e d ,  and i n  

t h e  process d e s t r o y e d  much of t h e  governor .  The problem was l a t e r  

d i agnosed  as a t i g h t  f i t t i n g  s p l i n e ,  a l l o w i n g  no r a d i a l  mis-al ign-  

men t  between t h e  governor  i n p u t  d r i v e  and female  r o t o r  s h a f t .  

Arrangements were made w i t h  t h e  gove rnor  manufac tu re r  f o r  a 

r e p a i r e d  gove rnor ,  and t h e  c l e a r a n c e s  on t h e  s p l i n e  c o u p l i n g  were 

i n c r e a s e d  t o  allow f o r  r a d i a l  run-out .  

Tlte dynamic t e s i n g  was re-scheduled  f o r  September 1 4 .  P r e -  

p a r a t i o n  inc luded  g e n e r a l  check-out ,  r ep lacemen t  of  a hand pump 

w i t h  an e l e c t r i c  d r i v e  pump, and a d j u s t m e n t s  t o  t h e  r e sponse  time 
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i n  the governor hydraulic system. The acceptance testing was not 

completed due t o  a seal  fa i lure  on the male rotor h i g h  pressure 

end seal assembly. Subsequent t o  inspection and consultation w i t h  

the seal manufacturer it was concluded that the fai lure  was due to 

an extreme overpressure :n the supply  o i l  to the seals and lack of 

proper relief valves for that pressure. I t  is believed that the 

extreme overpressure was caused by normal seal heating and 

subsequent f l u i d  expansion w i t h i n  the seal assembly. Relief 

valves were installed on the supply  o i l  lines to each of the 

seals. I n  addition, the male rotor h i g h  pressure end seal 

assembly was re-installed w i t h  o n l y  4 of its original 7 seals .  

T h i s  reduced fr ic t ional  heating. 

On October 20,  the power plant was again operated on a i r .  

A f k e r  approximately forty ( 4 0 )  minutes of operat-on and acceptance 

testing, rotor contact was noticed. The t2st  ran was tzrninated 

and re-scheduled f o r  the following week af te r  the t i m i n g  gears 

were re-set. I t  is believed that a contributing factor to the 

ro tor  contact was hous ing  distortion due to the cooling effect  of 

the a i r  a s  it expanded across the prime mover. 

On October 27 ,  the power plant was again operated on a i r .  

The p l a n t  was operated f o r  approximately 1 hour, 4 5  minutes, d u r -  

ing which most of the acceptance testing procedure was completed. 

The testing was again terminated by a fa i lure  on the male rotor 

h i g h  pressure end seal assembly. Subsequent investigation 

revealed inadequate clearances between the stationary and rotating 

part due to  thermal growth. Added clearances were machined i n t o  

the seals and acceptance testing scheduled for December 4 ,  1977.  
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On December 4 ,  a c c e p t a n c e  t e s t i n g  was s u c c e s s f u l l y  completed 

a f t e r  a p p r o x i m a t e l y  f a u r  ( 4 )  h o u r s  o f  c o n t i n u o u s  o p e r a t i o n  and 

s a t i s f a c t o r y  comple t ion  o f  a l l  items covered  i n  t h e  "System T e s t  

and Acceptance Procedure" .  

A s  s p e c i f i e d  i n  t h e  c o n t r a c t ,  c o n s t r u c t i o n  of t h e  Power 

Convers ion  System was schedu led  f o r  15 months a t  a cost o f  

$477,791. A c t u a l  c o n s t r u c t i o n  time was 2 2  months and 19 d a y s  a t  

a n  ap rox ima te  cost o f  $481,000. The schedu le  v a r i a t i o n  is 

a t t r i b u t e d  e s s e n t i a l l y  t o  d e l a y s  i n  i s s u a n c e  of  i n i t i a l  p u r c h a s e  

orders and mechanica l  problems d u r i n g  a c c e p t a n c e  t e s t i n g .  

Fol lowing  s u c c e s s f u l  d e l i v e r y  of  t h e  p l a n t ,  e f f o r t  was g i v e n  

to: m o d i f i c a t i o n s  to the p l s n t  needed f o r  o p e r a t i o n  on P h i l l i p s  

Well 54-3: packaging:  and s i t e  p r e p a r a t i o n .  Th-i m o d i f i c a t i o n s  to 

t h e  p l a n t  i nvo lved  t h e  r e -des ign ,  o r d e r i n g  and i n s t a l l a t i o r ,  o f  

e lec t r ica l  s w i t z h g e a r  s u i t a b l e  f o r  the r e - i n j e c t i o n  pumps required 

f o r  t h i s  par t icular  t e s t  s i te .  The s i t e  p r e p a r a t i o n  invo lved  

g r a d i n g ,  p lacement  o f  cross timbers o n t o  which the p l a n t  was 

p o s i t i o n e d ,  and s i t e  l a y o u t  f o r  t h e  l o c a t i o n  of major items s u c h  

as  the data van, load bank, a u x i l i a r y  power p l a n t ,  e x h a u s t  h o l d i n g  

t a n k s ,  shop f a c i l i t i e s  and l i v i n g  q u e r t e r s .  Appendix L contains  a 

schematic of the Utah test s i t e  l a y o u t .  

Pr ior  to shipment  of  the Power Convers ion  sys tem,  it became 

e v i d e n t  to Hydrothermal Power C o .  that  shop  f a c i l i t i e s  and s u p p o r t  

a t  t h e  remote Rooseve l t  T e s t  S i t e  were u n a v a i l a b l e  for the p r o j e c t  

needs.  To f i l l  t h i s  need,  HPC c o n s t r u c t e d  a mobile shop t r a i l e r .  

The shop was well. equipped w i t h  tools  to p r o v i d e  a wide r ange  of 

s e r v i c e s  such a s  weld ing ,  c u t t i n g ,  g r i n d i n g ,  t h r e a d i n g ,  c l e a n i n g ,  
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and p a i n t i n g .  I n  a d d i t i o n ,  t h e  shop c o n t a i n e d  a broad s e l ec t im  

o f  f i t t i n g s  such  a s  v a l v e s ,  t ub ing ,  g a s k e t s ,  a3d packing  meter- 

i a l s .  The shop t r a i l e r  proved t o  be a tremendous a s s e t  a t  t h e  

t e s t  s i t e .  

‘The Power C o n v e r s i o n  System was d e l i v e r e d  to  t h e  test s i t e  

o n  February  1 ,  1078. The balance o f  t h e  month was expended i n  

o f f - l o a d i n g  t h e  system, s i t e  p r e p a r a t i o n  f o r  and p l a c i n g  of t h e  

e x h a u s t  h o l d i n g  t a n k s ,  and e r r e c t i n g  a p r o t e c t i v e  steel  b u i l d i n g  

f o r  t h e  power system. A s s i s t a n c e  was g i v e n  i n  t h e  p l ann ing  f o r  

t h e  i n l e t  and e x h a u s t  p i p i n g ,  placement o f  t h e  test  van and other  

tes t  f a c i l i t i e s .  

Prior to  running  the Power System, a procedure  f o r  l ogg ing  

and r e c o r d i n g  v a r i o u s  impor t an t  p l a n t  pa rame te r s ,  s u c h  as 

o i l  f lows ,  p r e s s u r e s  and t empera tu res  was developed.  The r eco rd -  

i n g  and logg ing  procedure  was planned to  compliment t h e  t e s t i n g  

data to  be recorded by t h e  computer system housed i n  t h e  J P L  Data 

Van. A s  a p a r t  of the  logg ing  and r e c o r d i n g  p rocedures ,  forms 

were p repa red  s u i t a b l e  for manual logging  and subsequen t  f i l i n g .  

Appendix M is a copy of t h e  logg ing  form. The i n i t i a l  time p e r i o d  

f o r  r e c o r d i n g  was eve ry  one-half  hour ,  b u t  was soon changed to one 

hour  i n t e r v a l s  as  conf idence  !ncreased i n  t h e  p r o c e s s  and equip- 

ment. Items concern ing  t h e  p l a n t  s t a tus  were also logged i n  t h e  

da ta  van a s  p a r t  of t h e  t e s t  data. In  add i t ion ,  p e r i o d i c  record- 

i n g s  were t aken  of  t h e  main d r i v e  t r a i n  v i b r a t i o n  l e v e l  a t  e i g h t  

( 8 )  marked l o c a t i o n s .  A v i b r a t i o n  meter was used f o r  this purpose  

( S o n i d e t  Meter, Cardwell Condenser Corp . ) .  Also s p o t  v i s u a l  

checks  were c o n t i n u a l l y  made d u r i n g  o p e r a t i o n .  
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The f i r s t  h a l f  of  March, 1478, was expended i n  a s s i s t i n g  t h s  

P r i n c i p a l  I n v e s t i g a t o r ,  Dr. Richard McKay, i n  t h e  comple t ion  of 

t h e  i n l e t  and e x h a u s t  p i p i n g  and d a t a  a q u i s i t i o n  system. The 

f i r s t  run  was o n  March 16. A f t e r  a p p r o x i m a t e l y  f i f t e e n  (IS) 

m i n u t e s  runn ing ,  a governor  s p l i n e  broke. Repairs were made ts 

t h e  gove rnor  and t h e  sys tem was a g a i n  run  on March 2 1 .  During t h e  

balance o f  t h e  month,  t h e  sys t em was r u n  a t  i n t e r v a l s ,  be ing  s h u t  

down f r e q u e n t l y  wh i l e  changes  i n  t h e  i n l e t  p i p i n g  and i n l e t  p i p i n g  

controls were made under  t h e  d i r e c t i o n  of t h e  P r i n c i p a l  

I n v e s t i g a t o r  . 
Operation and t e s t i n g  a t  t h e  Utah  t e s t  s i te  can be broken 

i n t o  t w o  ( 2 )  c a t a g o r i e s :  Power System O p e r a t i o n  and S i t e  

Process Opera t ion .  The  Power System i n v o l v e s  o n l y  t h e  p r o c e s s  

from t h e  i n l e t  f l a n g e  t o  t h e  e x h a u s t  f l a n g e  o f  t h e  HPC Power 

System. The S i t e  Process i n c l u d e s  e v e r y t h i n g  from t h e  wei lhead  

th rough  the  Power System to t h e  disposal w e l l  located one and f o u r  

t e n t h s  ( 1 . 4 )  miles from t h e  wel lhead .  

I n i t i a l  o p e r a t i o n  of t h e  Power System invo lved  becoming 

f a m i l i a r  w i t h  t h e  s i t e  p r o c e s s  and t h e n  a d j u s t i n g  t h e  p r o c e s s  

c o n t r o l s  f o r  s tab le ,  s t e a d y  o p e r a t i o n ;  a c r i t i c a l  r equ i r emen t  f o r  

t e s t i n g .  A s i g n i f i c a n t  improvement was made to  t h e  s i t e  p r o c e s s  

o p e r a t i o n  when t h e  wel lhead  s e p a r a t o r  l e v e l  was i n s t r u m e n t a t e d  and 

p r o p e r  l e v e l  ma i n  t a  ined.  

A problem t h a t  p e r s i s t e d  th roughou t  a l l  t h e  t e s t i n g  invo lved  

t h e  i n l e t  p i p i n g  from t h e  p o i n t  where t h e  steam and water were 

mixed t o  t h e  p o i n t  where t h e  m i x t u r e  e n t e r e d  t h e  pr ime mover. The 

problem man i fe s t ed  i t s e l f  i n  t h e  form of u n s t a b l e  f low ?nd 
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s l u g g i n g  which p r e v e n t e d  s t a b l e  60  c y c l e  o p e r a t i o n ,  f o r c i n g  t h e  

p l a n t  t o  v a r y  a t  times - + 2% i n  f requency .  T h i s  uwtable  f low was 

most n o t i c e a b l e  between an i n l e t  q u a l i t y  o f  1 %  and 10% steam. Wi th  

q u a l i t i e s  5 sater  t h a n  10% steam, t h e  h i g h e r  f low v e l o c i t i e s  

appea red  to a s s i s t  i n  mixing. D i f f e r e n t  d i a m e t e r s  of  i n l e t  p i p i n g  

were t r i e d  wi th  some s u c c e s s ,  i n  an attempt to p r e v e n t  u n s t a b l e  and 

s l u g g i n g  flow. With zero steam q u a l i t y  or a l l  l i qu ic i  fae .  I t h e  

p l a n t  o p e r a t i o n  was s u r p r i s i n g l y  smooth and s t e a d y .  However. under  

some c o n d i t i o n s ,  where t h e  i n l e t  c o n t r o l  v a l v e  was par - :  Liy open ,  

water hammer would o c c u r  i n  the i n l e t  p i p i n g .  

C o n c u r r e n t l y  wi th  t h e  e f f o r t  to  improve t h e  u n s t a t l e  

iqlet  f iow,  e f f o r t s  were made t o  improve t h e  gove rnor  sys t em 

performance.  Some s u c c e s s  was o b t a i n e d  by c u t t i n g  t h r o t t l i n g  

n o t c h e s  i n t o  t h e  spool f o r  the h y d r a u l i c  a m p l i f i e r .  

Another  problem area d u r i n g  p l a n t  o p e r a t i o n  invo lved  s i l i c a  

scale b u i l d u p  i n  t h e  waste disposal pump s t r a i n e r s .  Pact of the 

p i p e l i n e  between t h e  waste h o l d i n g  t anks  and t h e  pump i n l e t s  took 

advan tage  of  an e x i s t i n g  used p i p e ,  p r e v i o u s l y  i n s t a l l e d  f o r  o t h e r  

p u r p o s e s  by P h i l l i p s  P e t r o l e u m  Co. T h i s  p i p e  l e n g t h  c o n t i n u o u s l y  

shed scale which c logged  t h e  s t r a i n e r  to t h e  pumps a long  wi th  ilew 

scale which was c o n t i n u o u s l y  p r e c i p i t a t i n s  d u r i n g  p l a n t  o p e r a t i o n .  

Much o f  t h e  used p i p e  was removed wi th  Some improvement to  t h i s  

problem. By a l t e r n a t e l y  s w i t c h i n g  be tkeen  t h e  dup lex  pumps, p l a n t  

o p e r a t i o n  was ma in ta ined  wi th  r e p e t i t i v e  s t r a i n e r  c l e a n i n g  a s  

r e q u i r e d  . 
Another  problem 9f a more serious n a t u r e  invo lved  t h e  pr ime 

maver s h a f t  seals.  A s  t e s t i n g  and p l a n t  a p e r a t i o n  p r o g r e s s e d ,  t h e  
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s e a l  leakage r a t e  continued t o  increase.  On April 23, inspect io , ,  

revealed t h a t  che male low pressure s e a l  leakage r a t e  was exces- 

s ive .  Subsequent removal revealed a czat '  Id s e a l  s leeve and 

s e r i o u s  e r ros ion ,  w i t h  s i l i c a  sca l e  build-up. The s e a l  assembly 

was replaced. I n  t h e  hope of preventing another f a i l u r * *  a i r  was 

in jec ted  through pre-exis t ing po r t s  -0 the hign presaur end 

s e a l s .  Pre-existing po r t s  were not ava i l ab le  t o  tne low 3:*L.?sure 

end  s e a l s  and could not be machined in to  t h e  housing i n  the time 

ava i l ab le .  Well s h u t - i n  was schedu led  fo r  June 1 ,  1978. The 

dec is ion  WGS maae to  continue t e s t i n g  w i t h  the recognized r i s k  of 

another s e a l  f a i l u r e .  

On Nay 3 : ,  1978,  one day before t h e  scheduled termination of 

the  Utah t e s t i n g ,  the same shaft. s e a l  f a i l e d  i n  a ca t a s t roph ic  

manner. The s e a l  f a i l u r e  f r i c t i o n  welded the s e a l  s leeve t o  t h e  

s h a f t ,  ruptured and demolished t r e  seal ass.?mbiy, bent tile shaEt,  

and due  t o  excessive heat ing,  melted t h e  adjacent  bearing bab- 

b i t t .  

Repair of t h e  p l an t  began subsequent t o  t h e  post  c a l i b r a t i o n  

of t h e  evaluat ion ins&.rumentation, preserva t ian  and s torage  of 

process equipment, and well s i t e  cleanup. Repdir of the power 

p lan t  was centered around r e p a i r  and re-designing of t h e  s h a f t  

s e a l s  and improvemement of other p l an t  aspec ts  for b e t t e r  a l l  

arcund performance. 

The fundamental des ign  change to  t h e  s h a f t  s e a l s  involved tae  

addi t ion  of a f r e s h  water flok across  the s e a l  a rea  cxposed to the 

b r i n e  process. T h i s  f resh water a c t s  as ci sh ie ld ,  or  b u f f e r ,  pre- 

venting mineral bu i ld -up  i n  the s e a l  assemblies. 
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To accomodate Lhe new seal d e s i g n ,  the s a f e t y  shutdown sys t em 

was changed. The change invo lved  the i n s t a l l a t i o n  of flow 

switches to  each  seal  f l u s h  water l i n e .  The change a l so  invo lved  

d i f f e r e n t i a l  p r e s s u r e  s w i t c h e s  and gauges  i n s t a l l e d  on t h e  

o i l / f l u s h  water sys tem on each seal assembly.  These s w i t c h e s  are 

a l l  wired i n  series w i t h  t h e  e x i s t i n g  s h a f t  seal p r e s s u r e  r e l a y .  

I n  a d d i t i o n ,  to  h a n d l e  the a d d i t i o n a l  ,power r e q u i r e m e n t s  of the 2 4  

VDC system, t h e  batteries and b a t t e r y  c h a r g e r  were changed to a 

larger s i z e .  

A t  the Utah test s i te ,  there was no s o u r c e  of f r e s h  water f o r  

u s e  across &e s h a f t  seals. For t h e  c o n t i n u e d  Utah t e s t i n g ,  the 

most r e a d i l y  available swrce of f l u s h  water was de te rmined  to be 

steam condensa te .  The equipment  involved  is a s team/exhaus t  b r i n e  

heat  exchanger  located i n  t he  e x h a u s t  h o l d i n g  t a n k s  and t h e n  a 

condensate/air 9eat Exchanger t o  s u p p l y  a h o l d i n g  t ank  w i t h  con- 

d e n s a t e  a t  a temperature - < 160°F. The h o l d i n g  t ank  is used to 

s u p p l y  a m e t e r i n g  pump which f e e d s  each seal assembly.  

Wring the 1978 s p r i n g  t e s t i n g  i n  Utah, the power p l a n t  

e x p e r i e n c e d  an  a b r u p t  load loss of more than  500 KW w i t h  

s u b s e q u e n t  ove r speed  and a u t o m a t i c  shutdown. Proper gove rnor  

d e s i g n  s h o u l d  be r e s p o n s i v e  enough to  allow f u l l  load changes  

w i t h o u t  ove r speed  or underspeed shutdown. A d e s i g n  improvement of 

t h e  p l a n t  involved  a custom b u i l t  hydrau l i c  a m p l i f i e r  and 

i n c r e a s i n g  t h e  h y d r a u l i c  o i l  s u p p l y  f o r  q u i c k e r  governor  r e s p o n s e  

and g r e a t e r  work r a t i n g .  

Also d u r i n g  t h e  1978 t e s t i n g ,  watar hammer was expe r i enced  a t  

some c o n t r o l  v a l u e  p o s i t i o n s  w i t h  a l l  l i q u i d  i n l e t  feed. The 

i n l e t  p o r t  cunf i g u r a t i o n  was : . * m e q u e n t l y  chanqed to e l i m i n a t e  

t h i s  problem. 
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I n  a d d i t i o n ,  d u r i n g  t h e  s p r i n g  t e s t i n g ,  it was de te rmined  

t h a t  there was one  major source o f  n o i s e ,  the a l t e r n a t o r  c o o l i n g  

fan .  I n  an  a t t e m p t  to a t t e n u a t e  t h e  n o i s e ,  a q u i e t e r  f a n  was 

i n s t a l l e d ,  shrouded and l i n e d  wi th  a s m n d  a b s o r b e n t  material, and 

d u c t e d  away from direct  ear c o n t a c t .  

With resumpt ion  of w e l l  flow by P h i l l i p s  Pe t ro l eum Co., i n  

t h e  s p r i n g  o f  1979, and mid J u l y  comple t ion  of the p l a n t  repair, 

e f f o r t s  were directed to t h e  e v a l u a t i o n  equipment  r e - i n s t a l l a t i o n ,  

c a l i b r a t i o n ,  and g e n e r a l  tes t  s i t e  p r e p a r a t i o n .  Equipment 

c a l i b r a t i o n  and s i t e  p r s p a r a t i o n s  were h i n d e r e d  somewhat by a w e l l  

blow-out i n  J u n e  1979, which deposited s a l t s  and scale over t h e  

e n t i r e  t e s t  s i te ,  c a u s i n g  numerous e lectr ical  problems. 

Checkout of t h e  f r e s h  water sys tem revealed t h a t  t h e  steam 

condensa te  c o n t a i n e d  l a r q e  amounts of i r o n  c a r b o n a t e ,  which prcci- 

p i t a t e d  p r o b a b l y  as  s i d e r i t e .  V a r i o u s  methods were attempted to 

s o l v e  this problem. The s o l u t i o n  invo lved  changing  the d e s i g n ,  to 

f i rs t  aerate and mix the  h o t  condensa te  wi th  b e n t o n i t e  and t h e n  

h o l d  t h e  mix tu re  i n  a l a r g e  t a n k  where t h e  b e n t o n i t e  and newly 

formed i r o n  o x i d e  would sett le o u t .  The r e s u l t i n g  water was then  

f i l tereG to  25 microns  and fed to  t h e  s ea l  m e t e r i n g  pump. 

P l a n t  o p e r a t i o n  fo r  t e s t i n g  ccmmenced on Allgust 29 ,  1979. As 

t e s t i n g  c o n t i n u e d ,  it became a p p a r e n t  t h a t  n a t u r a l l y  formed 

m i n e r a l  d e p o s i t i o n s  would n o t  close t h e  c l e a r a n c e s  i n t e r n a l  to t h e  

pr ime mover. The r a t e  of  d e p o s i t i o n  was too slow to close t h e s e  

c l e a r a n c e s  i n  t h e  t i m e  allowed f o r  t e s t i n g .  Recogniz ing  t h e  

importance of i n t e r n a l  c l e a r a n c e s  t o  pr ime mover per formance ,  an 

-22- 



attempt was made to  chemica l ly  force m i n e r a l  d e p o s i t i o n  to occur 

a t  an accelerated rate. 

The method osed to force mine ra l  d e p o s i t i o n  to o c c u r  involved  

t h e  i n j e c t i o n  of a calcium chloride s o l u t i o n  d i r e c t l y  upstream of 

t h e  prime mover i n l e t  . The n e c e s s a r y  equipment involved  laixing 

t a n k s  for the s o l u t i o n ,  a mete r ing  pump, and an i n j e c t i o n  l i n e  t o  

t h e  prime mover i n l e t .  Various combina t ions  of c o n c e n t r a t i o n  and 

f low rates were attempted w i t h  some s u c c e s s .  Eowever, the r e su l t -  

i n g  calcium c a r b o n a t e  d e p o s i t i o n  tha t  d id  o c c u r  deposited 

p r e f e r e n t i a l l y  i n  some areas and n o t  others, and c o n t i n a l l y  broke 

off i n  large scales. The a t t e m p t  to force m i n e r a l  d e p o s i t i o n  to 

occur was s u b s e q u e n t l y  t e r m i n a t e d  and a t t e n t i o n  g iven  to other 

aspects of t h e  e v a l u a t i o n .  

One i n c i d e n t  d id  o c c u r ,  however, that  demonst ra ted  the need 

for  a j a c k i n g  motor to s l o w l y  rotate the  p l a n t  immediately af ter  

s t o p p i n g  and before s t a r t i n g .  Upon s t o p p i n g  t h e  p l a n t  after a 

tes t  run ,  d u r i n g  which a par t icular ly  c o n c e n t r a t e d  s o l u t i o n  bas 

injected,  the rotors became locked 3s the hous ing  was allowed to 

cool t o  ambient  temperatures. I n  order to  free the rotors, it was 

n e c e s s a r y  to block the e x h a u s t  port and f i l l  t he  hous ing  w i t h  a 

mi ld  s o l u t i o n  of h y d r o c h l o r i c  acid and metal p i c k l i n g  i n h i b i t o r .  

Af t e r  approx ima te ly  24 h o u r s  of scaking,  the rotors became free 

and t e s t i n g  was cont inued .  A jacking motor has s u b s e q u e n t l y  been  

i r ls ta l led and a p p e a r s  to have s o l v e d  t h i s  problem. 

D u r i n g  con t inued  t e s t i n g ,  water bilild-up was noticed i n  the  

main lube o i l  r e s e r v o i r .  I n s p e c t i o n  r e v e a l e d  t h a t  f l u s h  water was 

m i g r a t i n g  back across the s h a f t  seals i n t o  t h e  bearing areas, and 
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to t h e  o i l  r e s e r v o i r  a t  a rate of approx ima te ly  100 cc/min. T h i s  

l eakage  was recognized  as a seal  short-coming and t h r t  t h e  water 

would have to  be p e r i o d i c a l l y  removed a t  the r e s e r v o i r .  For the 

s h o r t  term and c o n t i n u a t i o r .  of t e s t i n g ,  bleed steam was used to  

d r y  t h e  reservoir d u r i n g  periods o f  p l a n t  s h u t  down. For the 

l o n g e r  term a water/oil s e p a r a t i n g  c e n t r i f u g e  was o r d e r e d  f o r  

con t inuous  water removal. 

C o n c u r r e n t l y ,  wi th  t h e  test a c t i v i t i e s  i n  Utah, many v i s i t o r s  

observed  the p l a n t  i n  operation. During one v i s i t ,  a g roup  of 

f o r e i g n e r s ,  some of whom were involved  i n  geothermal  a c t i v i t i e s  i n  

t h e i r  r e s p e c t i v e  c o u n t r i e s ,  toured the test site. They were 

impressed w i t h  the p l a n t  operation and t o s t  a c t i v i t i e s .  T h e i r  

in te res t  led to  an I n t e r n a t i o n a l  Energy Agency ( I E A )  agreement ,  

whereby t h e  Power Systew and support tes t  equipment would t r a v e l  

aoroad for demons t r a t ion  purposes .  F i r s t  on t h e  demons t r a t ion  

schedule is Mexico, where the p l a n t  would be operated i n  the 

geothermal  f i e l d  a t  Cerro Prieto.  

Utah p l a n t  o p e r a t i o n  and t e s t i n g  was t e rmina ted  on November 

1 4 ,  1979. Post ca l ibra t ion ,  packing,  and s i t e  clean-up fo l lowed,  

w i t h  l o a d i n g  and shipment to Cerro Prieto, Mexico, on December 1 ,  

1979. 

The s u p p o r t  a c t i v i t i e s  i n  Utah involved  a t i n e  period of 2 4  

months from p l a n t  d e l i v e r y  on December 4 ,  1977, through shipment  

to Mexico on December 1 ,  1979. Total cost f o r  Hydrothermal Power 

Co. e f f o r t s  d u r i n g  t h i s  time p e r i o d  was $530,927. 
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“s a resul t  of the reported e f for t ,  w e  conclude: 

1. Problems associated with the i n i t i a l  plant operation are 

considered incidental and should be viewed as a normal 

debugging P ~ O C ~ S S  for new equipment. 

2. Varied geothermal well prcductian characterist ics p u t  a 

large demand on the governor system. Control needs to be 

maintained over a wide range of i n l e t  pressures, flows, 

and electr ical  loads. Design improvements to t h e  

governor system should sat isfy these control needs. 

3. That substantially a l l  of the conclusions from the test-  

i n g  of the 62.5 KVA Prototype Power System are confirmed. 

I n  particular,  the following conclusions were verif ,ed. 

A. The helical  screw expancer is a useful, eff ic ient ,  

to ta l  flow prime mover; 

B. The scaling or mineral deposits reduces leakage, 

between rotor-to-rotor and rotor-to-case, resulting 

i n  a substantial increase i n  machine efficiency. 

4 .  That internal inspection of the prime mover has revealed 

nothing to prevent long term iaaintenance free operation. 

5.  The nature of the equipment, including the faul t  and 

safety s h u t  down system, points to a Power System capable 

of extended periods of continuous, unattended operation. 
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6 .  That  a Geothermal Power System could be b u i l t  from a 

s t a n d a r d  set of materials, a d a p t a b l e  to a l a r g e  v a r i e t y  

of geothermal  wells and f i e l d s ,  and deve lop ing  mechanical 

e f f i c i e n c i e s  g r e a t e r  t han  70%. 

7 .  That adoption of t h e  recommended m o d i f i c a t i o n s  w o u l d  

enhance t h e  e f f i c i e n c y  and o v e r a l l  a t t r a c t i v e n e s s  of t h e  

HPC Power System to  t h e  Geothermal I n d u s t r y .  

8. T e s t  results have shown that t h e  power conver s ion  system 

d o e s  have a n  a p p l i c a t i o n  f o r  power r ecove ry  from geo- 

t he rma l  b r i n e s  having  an  ex t r eme ly  broad range  of 

q u a l i t i e s ,  

9 0  The prime mover can be c h a r a c t e r i z e d  as having a weight  

t o  power r a t i o  somewhere between t u r b i n e s  and r e c i p r o c a t -  

i n g  prime movers. Far example, w i t h  an i n s t a l l e d  prime 

mover weight  of 100 t o n s ,  a diesel would produce 12 !W, a 

he l i ca l  screw 30 MW, and a steam t u r b i n e  200 MW. T h i s  

w i l l  l i m i t  t h e  s i n g l e  s h a f t  power o u t p u t  from a helical 

screw t o  about 50 MW u t i l i z i n g  e x i s t i n g  heavy i n d u s t r y .  

T h i s  s i z e  may be i n c r e a s e d  by u t i l i z i n g  f a b r i c a t e d  hol low 

rotors. An a t t r a c t i v e  s i z e  a p p e a r s  to be approx ima te iy  5 

MW where t h e  e n t i r e  power plant  can s t i l l  be ma in ta ined  

e a s i l y  t r a n s p o r t a b l e  on s k i d s  and l o c a t e d  near t h e  

wellhead. 
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RECOMMENDATIONS 

The f o l l o w i n g  recommendations are based upon o p e r a t i n g  expe- 

r i e n c e  . 
simpler 

W e  

1. 

2.  

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

If adopted,  t h e y  should  resu l t  i n  reduced maintenance and 

f u t u r e  o p e r a t i o n .  

recommend : 

a H2S removal sys t em be i n s t a l l e d  i n  a l l  e l e c t r i c a l  

e n c l o s u r e s :  

a l o n g e r  and wider main skid-pad for easier equipment  

access for s e r v i c i n g  and maintenance: 

t h a t  the s a f e t y  shut-down electrical sys tem be isolated 

i n  its own e n c l o s u r e :  

t h a t  t h e  h y d r a u l i c  actuator to  t h e  automatic stop-gate 

v a l v e  be located i n  a v e r t i c a l  p o s i t i o n ;  

t h a t  t h e  h y d r a u l i c  a c t u a t o r  of t h e  automatic s top -ga te  

v a l v e  have an a d j u s t a b l e  stroke cush ion  to reduce mech- 

a n i c a l  stresses on the  main d r i v e  t r a i n  d u r i n g  f a u l t  

s h u  t-down : 

t h a t  the i n l e t  p i p e  to the p r i n e  mover be welded to the 

main s k i d  pad to reduce stresses to t h e  prime mover feet, 

wh ich  could lead to misal ignment:  

t h a t  p r o v i s i o n s  be b u i l t  i n t o  t h e  lube  o i l  console for 

add i t iona l  c o o l i n g  c a p a c i t y  when the p l a n t  is operated i n  

h o t  desert environments:  

t h a t  addi t iona l  i n s p e c t i o n  p o r t s  be b u i l t  i n t o  the prime 

mover housing;  
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9. improvements be made to t h e  governor control system to 

allow stable plant operation a t  various i n l e t  pressures 

and e lec t r ica l  loads: 

1 0 .  a larger lube o i l  reservoir capacity to accomo3ate L%I: 

loss due to nominal shaft  seal  leakage; 

11. that the manual s t a r t  hand pump be changed to e lec t r ica l  

d r i v e  ; 

12.  that an event recording system be installed to monitor 

the plant and record t h e  fa i lure  sequence i n  a fau l t  

shutdown : 

13. that additional testing be done a t  different speeds, and 

w i t h  various f ie ld  parameters; 

1 4 .  that an HPC Power Conversion System, w i t h  a nominal capa- 

c i t y  of 5 FJW be constructed, incorporating the above 

design changes. 
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NEW TECHNOLOGY 

Pr io r  to  t h e  i s s u a n c e  of t h e  subject  c o n t r a c t ,  Hydro the rna l  

Power Co., Ltd. (HPC)? had developed  N e w  Technology th rough  

e x t e n s i v e  r e s e a r c h ,  r e s u l t i n g  i n  p a t e n t s ,  know-how, and 

p r o p r i e t o r y  r i g h t s .  The research cu lmina ted  i n  t h e  s u c c e s s f u l  

o p e r a t i o n  of a p r o t o t y p e  62 .5  KVA Power System. 

Fol lowing  t h e  e x e c u t i o n  o f  t h e  sub jec t  c o n t r a c t ,  HPC peti- 

t ioned  t h e  U.S. Department of Energy f o r  and r e c e i v e d  an "Advance 

Waiver" on N e w  Technology developed  d u r i n g  t h e  performance of the 

c o n t r a c t .  

No r e p o r t a b l e  items of N e w  Technology were i d e n t i f i e d  or 

developed  d u r i n g  the f u l f i l l m e n t  of the c o n t r a c t  terms. 
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DESCRIPTZ VE SPEC1 FICATION 

f o r  

GEOTSERMAL POWER CONVERSION SYSTEM 

s u p p l i e d  by 

HYDROTHERMAL POWER COO LTD. 

Pasadena ,  C a l i f o r n i a  

May 9 ,  1980 

The Geothermal Power Convers ion  System consists of a Lysholm t y p e  
expander  w i t h  s i x t e e n  and one-half (1C.5) i n c h  diameter rotors ,  a 
speed r e d u c e r  and an a l t e r n a t o r ,  comple te  w i t h  a l l  n e c e s s a r y  
a u x i l i a r y  e q u i p u e n t  and a c c e s s o r i e s  r e q u i r e d  for  use as a 
geo the rma l  wellhead e lectr ical  g e n e r a t i n g  p l a n t .  The d r i v e  t ra i .1  
is a s k i d  mounted, f a c t o r y  assembled u n i t ,  s u s c e p t i b l e  of t r a n s -  
p o r t  w i t :  . ) u t  d i sman t l emen t .  Heavy t a r p a u l i n s  are p rov ided  f o r  
p r o t e c t i o n  o f  the System d u r i n g  sh ipment  or s i t e  s t o r a g e .  The 
C o n t r a c t o r ' s  p r e d i c t i o n s  o f  System per formance  are set f o r t h  i n  
Appendices  1 and 2 herewith.  The System i n c l u d e s  t h e  f o l l o w i n g  
assemblies, sub -as sembl i e s  and components: 

I 

Main Dr ive  T r a i n  

The main d r i v e  t r a i n  is mounted and a l i s n e d  on a s t r u c t u r a l  s teel  
b a s e  pad or frame. The basic enve lope  is 6 f t .  i n  width,  8 f t .  1'' 
i t 1  h e i g h t , ' a n d  25 f t .  ir.  l e n g t h ;  the w e i g h t  is a p p r o x i m a t e l y  
25,000 IDS. The main d r i v e  t r a i n  is exposed for ease of i n t e r -  
f a c i n g  wi th  p r o c e s s  p i p i n g ,  l ub r i ca t ion  o i l  console, and 
e lectr ical  s w i t c h g e a r .  The e q u i p n e n t  is d e s i g n e d  f o r  o u t d o o r ,  
una t t ended  o p e r a t i o n  f o r  ex tended  p e r i o d s .  The main d r i v e  t r a in  
c o n s i s t s  of the f o l l o w i n g  sub-as sembl i e s :  

( Prime Mover ) 

The prime mover is a Lysholm-type machine d e s i g n e d  f o r  o p e r a t i o n  
as a h igh  e n t h a l p y  b r i n e  expander  having  the f o l l o w i n g  f e a t u r e s :  

1 A fabricated steel hous ing  w i t h  p o r t i n g  to p r o v i d e  for  a 
v a r i a b l e  volume ra t io .  The hous ing  i n c o r p o r a t e s  a g a t e - t y p e  
g o v e r n i n g  v a l v e  that  c o n t r o l s  this v a r i a b l e  volume ra t io .  
The i n l e t  port is a n  8 - inch .  300 :bo,  ?.MI r a i s e d - f a c e  
f l a n g e .  The maximum allowable o p e r a t i n g  condi t ion is 625  
p s i g  a t  500° F. 
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2. 

3 .  

4. 

5. 

6 .  

7.  

8 .  

9. 

The low-pressure and is of s t a i n l e s s  steel w i t h  a 24-inchr 
150 lb., ANSI raised-faced flange. 

The shaf t  seal aose~abliea c o n s i s t  of a coinbinEtion of 
segmented carbon seals, floating r i n g  seals ,  and l a b r i n t h  
seals. O i l  is maintained behind the segmented carbon seals 
a t  a pressure  s l i g h t l y  h igher  than t h e  f l u s h  water p re s su re  
t o  prevent  water i n t r u s i o n  i n t o  the o i l  syst'1. 

Radial bear ings  are pre8SUre-lUbriCatt~dr tilt-pard type s i z e d  
for Illoderate to low specific bearing pressure.  Thrust  
bear ings  are large, s tu rdy ,  s e l f - equa l i z ing  type of consetrva- 
t i v e  design for long l i f e .  One hundred ohm platinum msis= 
tance temperature detectors are provided on a l l  bearings.  

Two 1 1/4-inchr threaded, plugged, inspec t ion  holes are 
provided i n  the rotor bores w i t h  p rov i s ions  for measuring 
rotor wear . 
Rotors are machined from s o l i d ,  one-piece forg ings  to provide 
the  maximum p r a c t i c a l  bending s t r eng th .  

Rotor cons t ruc t ion  is suitable for 100 p s i  pressure d i f f e ren -  
t i a l s  a t  rotor speeds up t o  5,000 RPM. 

Eard-surf aced rotor t i p s  and end faces are provided . 
A jacking motor is provided t o  slowly rotate t h e  prime mover 
during per iods of s t a r t u p  and shutdown. 

The prime mover housing is  h y d r o s t a t i c a l l y  tested according to the 
ASME Boiler and Pressure Vessel Code. The i n l e t  and high pressure  
reg ions  are tested to  meet or exceed a 300 lb.  ANSX r a t i n g .  
exhaus t  and low pressure regions are tested to meet or exceed a 
150 lb .  ANSI r a t ing .  

The 

( Speed Raducer ) 

A s u i t a b l e  speed reducer is provided and is f l e x i b l y  coupled to 
the  prime mover and to the a l t e r n a t o r .  The speed reducer is a 
parallel shaft hor i zon ta l  o f f s e t  design having s l eeve  type be -r- 
ings. Lubrication is provided from the main l u b r i c a t i o n  console. 
The high and low speed couplinga are se l f - a l ign ing  gear  type with 
sealed grease lub r i ca t ion .  The low speed coupling is of the 
shear-pin type. The couplings are designed to  operate for 20,000 
h o u r s  before recommended disassembly for an alignment check and 
re - lubr ica t ion .  The speed reducer iia generously s ized  for  an 
extended l i f e  of greater than t e n  years  before overhaul. Gear 
sets for  three gear ratiu.=,  5000/1800, 4000/1800 and 3000/1800 rpm 
(approx.) are supplied w i t h  t he  gearbox. 
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: A 1  t e rna  t o r  ) 

The a l t e r n a t o r  is a continuodo duty  1000 8oJ, 1250 XVA, 0 .8  p . f . 8  
1800 rpm., 3 ?haset 60 HZ, 480/27'7 v o l t ,  4 lead, 2 bearing, d r i p  
prcof ,  enclosed machine suitable fr,r opera t ion  in a desert 
environment , and having a d i r e c t l y  ccnnected b ru rn le s s  excitsr and 
a rolid s ta te  vol tage  regulator. The a l t e r n a t o r  bear ings are .\€ 
the  a n t i f r i c t i o n  type with double shields and are lubricated a t  
the  fac tory .  The a l t e r n a t o r  bear ing is of a design capable of t e n  
yea r s  of continuous operat ion.  Two 100 oh1.d platinum r e s i s t a n c e  
temperature detectoya are i n s t a l l e d  i n  each phase of t h e  windings 
t o  make possible a continuous ind ica t ion  of a l t e r n a t o r  tempera- 
tu re .  A 100 ohm p l a t i n u c  r e s i s t a n c e  temperature detector is 
imta l l ed  on each bearing. To reduce noise, the cooling fan is 
ducted and shrouded away from d f r 8 C t  ear contac t .  

11 

O i l  Systgm 

The oil system pravidas bearing l u b r i c a t i o n  as well as cooling for 
t h e  prime mover and the speed reducer.  It  also provides oil for 
the s h a f t  seal needs and the hydraul ic  needs for th3 speed 
governor and s a f e t y  shutozf mechanisms. The o i l  system also 
includes a heat exchanger and other provis ions  nscessary to 
maintain t h e  prime mwer and the  speed reducer a t  proper o w r a t i n g  
temperatures by t ranvfgr  of heat from the o i l  to  the surrounding 
atmospheye. A f u l l y  automatic greasing 3ystem is provided for t h e  
l u b r i c a t i o n  of a l l  critical. s u r f a c e s  or  bear ings within ;the b r i n e  
i n l e t  and governor con t ro l  valve. The o i l  system includes the 
following subassemblies and components: 

* 
.b. 

2. 

3 .  

4.  

5. 

1. 

2.  

( Lubricat ion Console ) 

300-gallon r e s e r v o i r  w i th  s i g h t  gauge, breatrzr, and f i l l  
cap 

Duplex f i l t e r  and t r a n s f e r  valve 

Forced d r a f t  oil-to-air hea t  exchanger 

O i l  pump d i r e c t l y  connected to speed reducar a t  1800 rpm 

All assoc ia ted  piping,  temperature and pressure r e g u l a t o r s ,  
gauges I and switches 

( S h a f t  Seals) 

Booster o i l  pump, f i l t e r ,  accumulator and r egu la to r s  to s h s . f t  
seals 

A f l u s h  vater pump, duplex f i l t e r  w i t h  t r a n s f e r  valve,  and 
f low meters t o  feed one GPM of s u i t a b l e  f l u s h  water t o  each 
s h a f t  seal 
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3. 

1. 

2. 

A water-oil a n t r i f u g e  t o  n m v e  water from the seal o i l  
d is cha rge 

( Auxi l iary  Punct i o n s  ) 

S u f f i c i e n t  oil c a p a c i t y  and accareories are provided t o  
assure proper o p e r a t i o n  of the governor and its h y d r a u l i c  
a m p l i f i e r  

S u f f i c i e n t  oil c a p a c i t y  and accessories i n c l u d i n g  M 
accumula to r  are prov ided  for h y d r a u l i c  o p e r a t i o n  of the 
a u t o m a t i c  gate shutoff vzlve. 

111 

S y s t e n  Control 
(Speed Gavernor  Sys tem)  - 

The g o v e r n o r  system has the f o l l o w i n g  f e a t u r e s  and characteris- 
t ics:  

1. 

7. 

3 .  

4 .  

The governor is a mechanical f l y b a l l - t y p e ,  f l e x i b l e  s p l i n e  
connec ted  t o  the female  rotor of t he  pr ime mover. 

The governor o u t p u t  is amplified through a h y d r a u l i c  sew0 
mechanism for o p e r a t i o n  of the govern ing  v a l v e  located in the 
m i m e  move r i n l e t  port. 

There is a means for a d ~ u s t m e n t  of the governor  with provi- 
sion f o r  remote c o n t r o l  from the electrical  c o n t r o l  box. 

The governor  c o n t r o l  mechanism p r o v i d e s  neans for either 
iscc’rronous control o r  droop c o n t r o l  a t  t he  e l e c t i o n  of t h e  
o p e r a t o r .  The accuracy  of c o n t r o l  i n  either case is wi t l l in  
p l u s  or minus one q u a r t e r  (114) of 1% of the speed set or 
selected by the werator. 

(Au tomat i c  Gate S h u t o f f  Va lve )  

The automatic g a t e  s h u t o f f  v a l v e  is w i r e d  f o r  automatic fail-safe 
o p e r a t i o n  wheneve there is a d r o p o u t  of the electr ical  s i g n a l  
r e q u i r e d  t o  hold it open. The g e n e r a t o r  o u t p u t  breaker t r i p s  open 
also w i t h  a d r o p o u t  of the electrical  s i g n a l  due  t o  underspeed.  

P r o v i s i o n s  are made fo r  a c t u a t i o n  of t h e  automatic shutof f  v a l v e  
i n  consequence of any one or  more of the f o l l o w i n g  c o n d i t i o n s ,  any 
one of which w i l l  t r i p  and f u l l y  close t h e  automatic g a t e  s h u t o f f  
v a l u e  w i t h i n  f i f teen  (15) seconds :  

I. Underspesd 
2. O i l  supply  o v e r t e m p e r a t u r e  
3. O i l  supply  u n d e r p r e s s u r e  
4.  S h a f t  seal l o w  d i f f e r e n t i a l  p r e s s u r e  
5 .  Shaft seal low f l u s h  water flow 
6 .  Excessive v i b r a t i o n  
7. Actua t ion  of manual s t o p  s w i t c h  
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Provis ions are also made fot a c t u a t i o n  of the automatic shutoff  
valve i n  consequence of any o m  or more of the following condi- 
tions, any olie of which w i l l  t r i g  and f u l l y  close the automatic 
s t o p  gate valve w i t h i n  one (1) second: 

1. Oversped 
2. Actuation of - n u l  gnrergency stop switch. 

Relays a r e  provided for remote a c t u a t i o n  of both the stop and 
auergency stop switches. 

Electrical Systems 
* 

The Geothermal Power Conversion System is designed for s t a r t i n g  
without any external electrical power source.  
vided to energ ize  the s a f e t y  shutof f  c i r c u i t  during s t a r t u p  and 
during normal opera t ion .  During ope ra t ion ,  a l l  necessary 
electrical energy, including t h a t  f o r  b a t t e r y  charging, i s  pro- 
vided by the System i t s e l f .  A l l  of the electrical l i n e s ,  connec- 
t i o n s  and contacts are protected from the corrogive salts and 
gases  preva len t  in geothermal environments. P ro tec t ion  f o r  a l l  
i n s t rummta t ion  and s i g n a l  wires is provided by condui t ,  g u t t e r  or 
t r a y  as appropr ia te  for the p r o t e c t i o n  and isolation of such 
c i r cu i t s  within the perimeter of the Geothermal Power Conversion 
System. The electrical system i nc ludes  the  following 
subassemblies and components: 

Batteries are pro- 

( A l t e r n a t o r  Control and P r o t e c t i o n )  

The a l t e r n a t o r  is provided w i t h  a l l  necessary or required pro tec-  
t i v e  and c o n t r o l  devices  r e q u i s i t e  for safe operat ion.  Accord- 
ing ly ,  an output  c i rcui t  breaker complete w i t h  solid state 
p r o t e c t i v e  devices  for c i r c u i t  f a u l t ,  ground f a u l t  and thermal 
overload ccnd i t ions  is provided for the main load. The ou tpu t  
c i rcu i t  breaker h a s  a l 2 0 V  AC shunt t r i p  coil. In add i t ion ,  a 40C 
amp., 480 V., 3 phase breaker panel is provided for poss ib l e  power 
needs a t  the geothermal p l a n t  s i te .  A sepa ra t e  120 v o l t  ou tput  
breaker is provided f o r  a l l  inhouse usage. 

The a l t e r n a t o r  is provided w i t h  a c o n t r o l  box or console having 
provis ions  for t h ~  measurement of a l t e r n a t o r  frequency, vo l tage  8 

c u r r e n t ,  power output ,  and k i lowa t t  hours .  A c u r r e n t  t ransducer  
and a power t ransducer  each provide 4 t o  20 MA output .  Ind ica t ing  
meters a r e  provided w i t h i n  the c o n t r o l  box. Means a r e  a l s o  
provided there for the  convenient connection f o r  e x t e r n a l  record- 
ing of ampeLage and voltage.  The con t ro l  box also conta ins  an 
elapsed time meter, necessary relays and timers, as w e l l  as the  
vol tage r egu la to r  and a remote governor control switch. A 10 KVA 
single-phase transformer w i t h  110/240 v o l t  output toge ther  with 
output  c i r cu i t  breakers for the con t ro l  of all electrical  energy 
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( s t a t i o n  power) used for o p e r a t i o n  of the System is also p rov ided .  
The a r rangemen t  of the c o n t r o l  box p a n e l  is g e n e r a l l y  i n  accord 
w i t h  JPL Drawing No. SE/60-0 t h a t  a p p e a r s  i n  the JPL ELECTRICAL 
STANDARDS p u b l i s h a d  ir! J u n e  1975 by the JPL r"aci1ities and 
Enginee r ing  C o n s t r u c t i o n  Office.  

( Remote Moni tor ing  J 

A t e r m i n a l  box c o n t a i n i n g  a t e r m i n a l  s t r i p  is provided t o  
f a c i l i t a t e  the remote monitor i . ig  of the f o l l o w i n g :  

1. 

2. 

3 .  

4. 

5.  

6.  

7. 

8 .  

9 .  

10. 

11 . 

Alarm and s e n s o r  contacts g i v i n g  i n d i c a t i o n s  of improper 
speeds, p r e s s u r e s ,  t e m p e r a t u r e s  or v i b r a t i o n s  

Remote c i r c u i t  breaker t r i p  mechanism 

S t a t i o n  power (120/240 v o l t )  

Temperature  s e n s o r s  

Bear ing  load s e n s o r s  

Amperage t r a n s d u c e r  

KW t r a n s d u c e r  

KWB p u l s e  

Vol tzqe 

Frequency 

24 V o l t  DC Supply. 

(Remote C o n t r o l  ) 

A t e r m i n a l  box c o n t a i n i n g  a t e r m i n a l  s t r i p  is also prov ided  t o  
fac i l i t a te  the remote c o n t r o l  of the f o l l o w i n g :  

1. Voltage 

2. Frequency 

4. Emergency s t o p .  
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V 

I n l e t  P i p i n g  

The System i n c l u d e s  adequa 2 means for ,Ippor and f l e x i b l e  
c o u p l i n g  of the ups t ream p i p i n g  so as to minimize any mechan ica l  
l o a d i n g  of the p r h  mover. The i n l e t  p i p i n g  is c a p a b l e  of safe 
h a n d l i n g  of geo the rma l  f l u i d s  a t  p r e s s u r e s  up to 625 p s i g  and 
t e m p e r a t u r e s  up t o  50O0F. All i n l e t  p i p i n g  is h y d r o s t a t i c a l l y  
tested to  the ASWE Boiler and P r e s s u r e  V e s s e l  Code  to meet or 
exceed  a 300 lb. ANSI r a t i n g .  Th e i n l e t  p i p i n g  of the System 
i n c l 9 d e s  the f o l l d w i n g  components: 

1. 8-imch, 300 lb .  ASA g a t e  s t a r t  ana stop v a l v e  

2. 8-inch,  300 lb. ASA automtic g a t e  stop v a l v e ,  
pneumat i ca l ly -hydrau l  i c a l l y  a c t u a t e d  

3. F lex-coupl ing  a t  prime mover i n l e t ,  8 - inch ,  300 lb .  ASA 
r a t i n g  

4.  Burs t - type  bypass  plus relief v a l v e .  

VI 

Drawings 

The Geothermal  Power Convers ion  System is f u r n i s h e d  i n  c o n f o r m i t y  
w i t h  the f o l l o w i n g  d rawings  as p r e p a r e d  by the Hydrothermal  Power 
Coop Ltd. 

Drawing Number 

1. 8-13 

I s s u e  Date 
~~ 

As r e v i s e d  1-18-78 

2. 5 1 4  As r e v i s e d  5-9-80 

3.  Bo20 As r e v i s e d  5-11-80 
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APPSNDIX 1 

HYDROTHERMAL POWER SYSTEM PERFORMANCE 

1250 KVA PLANT 

CASE I CASE If 

Same 16.5" Rotor diameter 
25" Rotor length 

SIZE 

POWER 1000 KW Prime Mover 
Shaft  Output 

same 

4000; = 288 ft/sec 
t i p  velocity 

RPM same 

135,000 lb/hr. FLOW RATE 

ENTHALPY 

TEMPERATURE 

PRESSURE 

424 Btu/lb. i n l e t  same 

444OF same 

400 PSIA inlet 
14.3 PSIA exhaust 

400 PSIA Inlet 
3 2SIA exhaust 

QUALITY 

EXPANSION RATIO 

PRIME MOVER EFF. 

SPECIFIC CONS. 

0 a t  i n l e t  same 

347/1 1500/1 

70% of i sentropic  65% of i sentropic  

135 lb/KWhr. 85 lb/KWhr. 

NOTE: Assume Keenan and Keys Thermodynamic Properties of Water, 
1969 ed i t ion .  

. 
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APPENDIX 2 . 

I I 1 1 t I l I r I  I I 1 1  1 f I t r l f l i  
IO' - .200 500 1000 * 3000 

SPECIFIC POWER OUTPUT Kw 
103 lb/hr 

HYDROTHERMAL POWER SYSTEM 
PRIME MOVER PERFORMANCE 
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R - m A r i l  21- RFQ No. 76-F-2 
i PRIORITY RATING W-A2 

CERTIFIED UNDER DM REG. 1 ! 
i 

TAXABU Wfl YES n 
CAtIF.RES.2U NO. SR AP 17-668216 i 

Estimated Shipping Weight Tern Dace Pinrerial Will k 
shippad 

20 BE CONSIDER€D YOUR QUOTATION MUST BE RECEIVED BY HPC NO IATER 
IlUM May . 17, 1976 UTE MATERUL REQUIRED Sew. 15. 1976 

Hereby Submit the Above Quotation 

AUTOMATIC GATE VALVE 

Phone No. By ( Q p d  Namr) S ignr cure 0. ce . 

(1) One 8" 30W ASA flanged, hydraulically actuated, Gate Valve. 
Body, bonnet, and yoke of ASTM A216 grade WCB; 
of ASTM 182-€6 and w i t h  S t e l l i t e  No. 6 coaring; and the stem of 
ASTH 182-F9. The valve shal l  be controlled by two input signals 
either one of which w i l l  automatically close the gate valve upon 
signal loss. Both signals shall be 12 VDC wlth 2 amp. maximum 
current. Signal loss from one of the inputs shal l  close the gate 
valve within one second, aad a signal -loss from the ocher input 
&all close the gate valve in approximately LS aeconds. 

seats and wedges 

\ 

. 
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RESULTS : - 
When tested in accordance with the above Procedure, these parts were found 

* t o  be acceptable. (No reportable or unacceptable indications found.) 
. .  .. 
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' ~IGINAL PAGE 1% A Finkl & Sons Cc;;. 
of pooR QUALin 

METALLURGICAL REPORT 
Xovemoer 2, 1976 

. r-' 
J ~ M  A. Finkl ti Sons Co. (CA.) 

I 
#at No. Mill * (au ' C ' h i P ! S  S i l N i  G ( M 0 ' V i C u  

-605 76 X BE .42 .8e 1 .OU .02? .30 1 - .83 .19 
i 

0. 9/28/76/01 QuAMtTv 1 Pc. 5.0 .  15645 

10" X 32.5" X 38". Finish Sizes 

EF-4142 Vac. DeRasseti. Ouen. C Dbl. Temp. 
N R k : u y *  

- ,  
?AD€ 

Grain * 

Size 

FORGED SURFACE 

- 
J-iw f l ' 2 [ + L  I 6 7 8 ~ 9 ~ ~ 0 ~ ~ ~ l ~ ~ ~ 1 3 ~ ~ ~ ~ ~ ~ l 1 6  1 8 1 2 0 / 2 2 / 2 ~  1 26 2 8 i 3 0 1 ~ 2  

Remarks I 

i l  ' I , ]  ! 

WITNESSED 

1 

PHYSICAL FOR, DATE 

SURFACE F O L  OAK I 
I 

I 

I 
; *e-br.cn 
P 

Test 
Direction - Y  Brinell Yield Tensile Reduvction 

Test lesf or 1 Strength 
No. Dio. Location I PSI h. - Lbs. 

w e d :  
269/302 

29 3 /29  3 

Serial 
No. 
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m m 0 T E m M L  Pamt co., LTD. 

QUALITY COllTROL PRQCRiDURE 

In order to ar8ure the rbrolata confsrp.nce of incoaiq mmterirlr, 
purch.red part., mochiniag or procraring of wterlrlr and purciurd pmrta, 
each such incoming item receiwed by Bpc recured for integration into the 
EPC P a m +  Comrerrlon Symtem, La to be checked mgrinrt the porchare order 
and pu~chrrc order drawing a0 to both quantity and qwlity. 

A record rill be Priataimd by EPC rharing the rerultr ob cbacking, 
tnopcction, rad mareremeat upon receipt of lncaping ~ l t e r i i l r ,  purchrred 
prrtr, plrchiaing or procersing of orterlalr rad parchard parts. 

8. DBSCBIPTIQt of PART or TASX 

t .  CRITICAL MEAS- TCm BY: 

i 
! 

I 
f. rarcersrs 
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pricf Sunmarp of Torsional Ftcq_ucncv An81~sir 
. L. 

A Ztnnped-maas MLI-I model waa constructed 8s.z the kiltire system. rb is  

mode1 conairtr o f  five ninartiar" (actually manenta of inertia) which represent 

tarpcctivelyr 

Female &&ala Rotors & Shafting of the Comeresaor 

Iha Fi r s t  Coupling 

The Speed Reducer 

llte Second Coupling 

The Alternator @an, Rotor C Exciter) 

2hese five inertia8 are  coupled by four uniform shafts. ThC nrrmcricrl 

values of  the iner t ias  and of the torsional r ig id i t ies  of the shrfts were 

determined fran values on the blueprints ar were calculated fram the physical 

dimensions provided. A l l  ca1culation.i were made with reference t o  the Male 

Bator U s .  

The analysis of the Free-free torsional vibratiotw of the rystem frr 

accordingly reduced t o  an eigenvalue problem. 'Be eigenvalues are  found to 

be the roots of a tenth-order algebraic equation in the circular frequency *. 
One root, as  expected, is W-0, which corresponds to  a r i g i d  body rotation of 

the ent i re  rystcm. Thua the determination of the eigenvalues amounfsto the 

determfnation of the roots of a fourth order equation Ln P. The four roots 

correspond t o  the frequencies n (hz) of the four prhc ipa l  modes of tOr8f0Ml 

vibration of the syrtcm which have one, two, three or four mdes conerpoading 

to the increasing ntnnerical value of the frequency. Usually the lwer fre- 

quencies are  thorn o f  particular interest  in practfce. The natural frequen- 

cicr o f  the hipher order modes are generally beyond the operating frequencies 

o f  a rystem. 

-e tenth order equation can be treated a8 a fith order equation because 
only even powers o f  W occur in it. 



'me xour rrequiihcres ''3 (L - A, ..4j were aecennanea Lor ciaree axxerent 

oped ra t ios  for  the f ive  msr ryatem. Ibe remaltr are as follows: 

Came I; Speed Ratio l800/3000 

= 64 bz 2 

% = 189 h t  . - 3l5 hz 

' 4  - 609 hz 

.Care 11; Speed Ratio 1800/4000 

"1 = 52 h t  

9 - 191 hr 

3 - 294 he 

ORIGINAL PAGE IS 
O f  POOR QUALITY 

% = 374 hz 
J 2- 

Care 111; Speed Ratio 1800/5000 

5 - 209 hz 

's = 308 he 

4 = 629 hz 0 

There values have been datemined subject t o  certain approrinretioru which 

rhould be noted: 

1) Continyou6 soass distribution6 have been lrrmped 

i l)  Continuour parameter dirt t ibutions e.g. torsion81 r ig id i t i e s  
have been lumped 

iU) Gear a88~ablp i r  asrumad t o  be rigid. Gear & tooth f lex ib i l i ty  is 
neglected and gear backlash is ignored 

ridered t o  be neghgibh throughout the 8ystm 
iv) Frictional energy disrapation e.g. Lrr f l r d b l e  coupLings I8 con- 

v) Flexural vibration8 have not been conaidered 

A lengthier and more detailed analpair would be ~ d e d  to include the 

effects o f  these approltlmrtions. 

6 2  



rurf erenee8 t 

TWO b r i e  work of reference are "PPractieal Solution of TOr8LoMl Vib- 

ration Problem" by W, E, Wilron, Wiley, Hew Yak, 1956 (T%m V O h n e 8 )  and 

@Bandbuok 00 TOr8tOWl Vibrations" by E, 'J, Rertoride8, Caubtidge Uhiverrity 

Preru, 1958. 

3. 



philadelphia gear corporation 
November 15, 1977 

Hydrothermal Power Company, L t d .  
25721 Obrero, W i t  B 
Mission V i e j o ,  Ca l i fo rn ia  92675 

Attention: Mr. ’.J.A. Spralnkle 

Subject:  Your P.0, #76-M-4 
Our Order f1489254 
Eff ic iency  curves 

ORIGINAL PAGE IS 
OF P C R  QllALlTY 

. 

Gentlemen: 

To confirm our meeting of 11-9-77, the e f f i c i e n c y  curves that were 
de l ive red  t o  you on 10-25-77 w e r e  der ived  i n  a similar fash ion  t -  
ou t l ined  t o  you i n  a J u l y  21,  1977 letter f r o m  our Michael Hardf in. 
The empir ica l  data on the above order has ind ica t ed  about an 88 
error i n  the ca l cu la t ed  constant  that  w e  used i n  our heat-baianced 
equation, T h i s  error, i n  a l l  p r o b a b i l i t y ,  i s  caused by a e r a t i o n  
of t h e  o i l .  The empir ica l  formula accounts for t h i s  and inc ludes  

* radiant heat losses as w e l l .  

Hopefully, t h i s  is the information t h a t  D r .  McKay i s  looking f o r .  
Please adv i se  us  i f  t h e r e  is anythir-g else we can do t o  br ing  t h i s  
matter quick ly  t o  a c lose .  

Very t r u l y  yours,  

PHILADELPHIA GEAR COIZPORATION 

Malk M. A l t e r  
Sales Representative 

cc: Dr. R.A. McKay - Jet Propulsion 
cc: John L. Gi l laspy - Anaheim 

?6W usf MIRALOMA WAY 



philadelphia gear corporcltion 
July 21, 1977 

Hydrothermal Power Co., Ltd. 
2051 Woodlyn Road 
Pssadena, California 91104 

Attention: Mr. J. A. Sprankle, 
Business Manager 

Reference: Your P.O. #76-M-4 . 
Our Order C489254 
Your Letters of '/12/77 and 6/14;/77 

Gentlemen : 

I appreciate your concern in receiving the required 
efficiency data as well as your demonstration of good 
faith with the'trustee account. As you know, w e  have 
submitted one set of efficiency data but unfortunately, 
the inlet oil temperature has been changed rendering this 
data unusable far your purposes. Also, you must realize 
that the calculation tools available today are not 
sophisticated enough to guarantee the 1/2 of 1% maximum 
error you have requested. 

A telephone conversation between Cr. McRciy and myself 
indicate.9 that an explanation of our testing/calculating 
heat loss .nethod may suffice in satisfying this require- 
ment. 

I have attached three sheets covering the derivation 
of our heat balance equation and the particular lubricant 
used at our test stands. As you will note, empirical data 
has indicated about an 8% error in the calculatei! constant. 
This error, in ell probability, is caused by aeration of 
the oil. .The ezperical formula accounts for this and 
includes radiant heat losses as well. 

KING OF PRUSSIA, PENNSYLVANIA 19406 (215) 265-30~3 a TELEX: e m 2 1  



Hydrothermal Power Co., Ltd. 
Mr. J. A. Sprankle 
July 21, 1977 

If possible, Dr. McKay snould run both loaded and 
--loaded tests using a torque cell and tachometer to 
verify the accuracy of our conscant under his test stand 
conditions. Once this is established, the accuracy he 
requires f o r  A s  testing should be attainable. 

I hope this data will suit yaur requirements. If 
there are any questions, please contact me. 

Very truly yours, 

ORATION 

Michael 
Special Products Division 

enc 0 

rc 
cc: Dr. R. A. McKay/Calif. Institute Tech. 

J. Gillaspy/?-G.C. .. Anaheim, Calif 
J. Pooler/P.G.C., King of Prussia, Pa. 
R. Meyers/P.G.C., King of Prussia, Pa. 





Mobil D. T. E? 

fhe Mobil Of.€. 20 series of high quality oils has been 
dwebped specificaliy to satisfy the requirements 
ab hydmuliic systems using the newer. high-pressure. 
h&#wu@ut ournos The IarQe gfowth in hydraulic 
OperatiOrr of systems on mobrle equipment has re- 
8 u M  in the development of Pumps that am smaller, 
yet deliw greater vdumes of fluid at higher press- 
ures than were thought practicaMe a few years ago. 
Since reswnse time is improved when a smaller 
volume of fluid at higher pressure is used, high 
presswe mmps are also being aodied increasingly 
in hydraulic systems 3f machine tools and other in- 
dustriol aOplicationa Pump vanes or pistons, control 
valves. and linear and rotary actuators of hydraulic 
systems all operate with boundary or mixed film 
lubrication so that wear protection must be provided 
by thin oil films. As pressures and operating speeds 
am ir##eased. the loading on these thin films is in- 
creased. and the fluid must provide greatly enhanced 
antiwear or film strength characteristics to protect 

excessive wear. At the same time, oxidation 
Md foaming.resistance, dernulsibility. and rust and 
cOrtOQiOn protection must be maintained at high levels 
to Bvojd other operating problem 

O/L. -- 
PRODUCT DESCRIPTIQN 
The Mobil D.T.E. 20 series was dewloped in coop 
eration with pump and hydraulic system cornpone+ 
manufacturers to provide !he superior antiwear and 
fiim strength characteristics necessary for the new 
high pressure hydraulic pumps that Q'e corning into 
wide use. They are formulated from high quality. 
chemically stable. high VI base stocks combined 
with additives chosen to provide the specific prop 
erties mquired in hydraulic fluids Compared to the 
best automotive oils, they provide superior 
performance characteristics including demulsibility. 
rust prevention. and resistance to deposit formation. 
and equal antiwear protection. In addition. the 
viscosities are chosen to accurately meet the requi* 
mants of hydraulic pump builders and coincide vatb 
the new ASTM viscosity grades. Furthermore. their 
functional characteristics permit a wide range of in- 
dustrial apptications othpr than in hydraulic systems. 

In the development of the Mobil D.T.E. 20 series. 
extreme care was given to the selection of antiwar 
agents and rust inhibitors which will not interfere 
with water separating characteristics. The combine 
tion of additive components was carefully balanced 
with the base stocks to ensure that the final products 
provide the best obtainable combination of antiwear. 
demulsibility. oxidation resistance, rust protection 
and foam resistance properties. A protective barrier 
is provided by a thin film of oil which prevents the 
rusting of metal parts in the presence of small - MOM 0.T.E. 24 MaH 0.T.E. 25 yo#l D.T.E. 26 

orrvdy. Am 31.7 30.6 29.9 
%-fkonntv O S 7  0.873 0.877 
Pow Point, IWL F (C) 0 (-18) 0 (-18) 0 (-18) 

F b h  hht, min. F (C) 3Qs 400 (204) 400 (2w 
vlsca#y 

SUSrt1OOF IS3 225 300 
SUSrt210F 43 re 53 
d# r t s c  33 485 65 
CSI m BBC 5.1 7.0 8.2 

v i  Index 95 85 I 
pasr PUr 

2.5 3.5 
Rust. ASTM 0685, A h 0 

Color, ASTM. Max. 2.0 
Cincinnati Mllacron. lnc. 

PaSe 

- 
C M C o W t  fwt 
1 We& at 275 O F  (135 'C) P. lS POS# Pun 
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-tm of water or.condemd moistwe from the air. 
hauo shown superior fluid durability (resistance 

. b deoosit formation) and ex- service per- 
tonwncs 

TYmcALcHARAcTzRlm 
Physid and chemical chamcWintks of the Mobil 
D.T.E. 20 oils are shown in the data sheet table. 
fhoge wues which are not shown as maximum or 
minimums am typical characteristics which may vary 
dightly. 

wPucA?loN 
Mobil D.T.E. serie8 0418 am recommended for 
hydnwric applicatiorw in industrial. marine and mobile 
sawice. These oils are Mobil's primary recommen- 
drdlon for all hydraulic applications including the 
116~01, high-pressure systems in industrial service. 
wpecially when the equipment manufacturer 
qacifks the use of antitmar type hydraulic fluids. 
Sma Mobil D.T.E. 20 series oib'are the primary hy- 
draulic recommendation at all times. application 
consis& mainly of selecting the proper grade for the 
particular system. Selection of the correct viscosity is 
based on ambient and bulk fluid temperatures, as well 
88 the Operating and design characteristics 
of the pump and system. M a i l  O.T.E. 24 is recom- 
mended frequently for small gear pumps, vane pumps 
and both radial and axial piston pumps. Mobil D.T.E. 
28 is recommended as the oil meeting the viscosity 
requirements of vane pumps and gear pumps 
operating at high pressures or temperatures. It is also 
recommended for radial and axial piston pumps. 
Mobil 0.T.E 25 meeb the viscosity requirements for 
many vane pumps and is an excellent product to 
simpiify plant inventory. when a single oil is desired 
to mplace one of 150 SUS (32 cSt) at 100 F (38 C )  
and another oil of 300 W S  (65 c3t) at 100 F (38 C). 

Some hydraulic equipment manufacturers specify 
a preferred viscosity (at 100 F) for vane and axial 
piston pumps. Mobil0.T.E. 24 is recommended where 
a 150 second oil is specified; Wbil D.T.E. 25 for a 250 
second oil and Mobil D.T.E. 26 for a 300 second oil. 
other manufacturers base their recommendations on 
pump pressures. When this pressure is below 1000 psi 
(70 kg/c@). Mobil O.T.E. 24 is recommended; below 
1500 psi (105 kg/cmZ), Mobil D.T.E. 25; and over ls00 
psi (105 kg/cm*). Mobil D.T.E. 26. 
Mobil D.T.E. 20 series oils am also recommended for 
many circulation. splash, bath and ring oiling systems 
mpplying lubricant for the bearings and gears of in- 
dustrial machinery. Their adaptability to these 
applications can greatly reduce inventory and lub- 
rication costs where these oils are required for 
hydraulic use. They are not recommendad for steam 
turbine nor ammonia refrigeration compressor 
service. Where M) unusually high temperatures are 
involved, Mobil D.T.E. 26 may be used as the lubri- 
cant in single-stage reciprocating compressors up to 
80 psig (5.6 kg/cm2) or in twostage reciprocating 
c!moressors up to 150 osig (10.5 kg/cmz) of the type 
normally used for producing "plant" air. 

I 
ADVANTAGES 
Mobil D.T.E. 20 series oils oifer the following 
advantages and benefits: 
Outstanding antiwear performanse 
High resistance to oxidation degradation 
Good protection against nrsf panosion 
Good foam resistance 
Good water separation in hydraulic systems 
Correct grades for hydraulic service 
Worldwide availability 
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Size & Typ. , e , S a r i o l  N W R ~  121680 
Rated Horupowr 1341 Input RPY Note 1 
Sarvico Factor m , O u t p u t  RPM .-, 
Rotio.-Revarsoble No Output Torque, 

TEST CONOlTlONS 

When load 01 extended test i s  run  record doto on P.G.C. Sheet No. EPL-2 until temperotwes 
level off fur the particular running coclditi~ns. 

Torol Rurming Time 8 H.S. shoft Speed 

H.S. Shaft R o t a t i m L . S h a f t  Which Was Driven 

Amount d Load Applied u, Method 

rm of Lubrtcation srrtbm 

Locotiol, of Oil Level - None maintained 
Booring($) 6 Seal(,) Which Require c l e o s q  

Hs 
50 HP Reeves 

External fbr- feed 

None 

Type of ~ubr icont  us& on re51 Mobi1 Vaprotec Light - 
Otl Pressure Cold 25 PSI oil Pressure Hot 25 PSI 
Ambient Temperoture 7 5  Oil Inlet Temp. 

U ~ I I  Sump Temp. ..F. 

* 
S o l  Temp. H.SS -- Lss -- * 

Bearing Temp's: HSS LSS INT. 0- INT. -- 
011 Lcakoge: Piping None cops None S a a l s  None 

* e- -- 

Splits None housing lone Note dl leoks and COrrCCTive 

Meosur e s 4 t l '  * *  ? ,LSS 

i t itly Vrrtic-oI NM - 
' 1 1  t i tatttd NM Axiol NM 
SOIJNU LEVEL Ambtcnt Sound -Ovaroll Sound A High Octave Freq. NM 

I I - ~ S O ~ I ~ S  mnunted 6 functioning - gager. etc. yes 

NOTES. REJECTIONS, CORRECTIONS, ETC. * See attached data sheets 
. - - a 1  Group Input Smed Ratio 

- .  1 3000 1.666t1  

---- ---- 2 4000 RPM 2 216 t 1 
-- -- --- 3 5000 R P M  2 .781  t 1 
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ibsCombining Advanced Design with Proven Performance 
RELATIONSHIPS OF SPEED, CAPACITY, PRESSURE, POWER CONSUMPTION 

l Table "A" below shows the capacity and suggested Jriv- 
inq motor size for different speeds and pressures. These 
figures are basea upon pumping a liquid of about 200 

, SSU viscosity with a 15 ' maximum vacuum. While Tut- 
hill Series C pumps will develop as high as 27" of 
vacuum, it is sound engineering to reduce the vacuum 
to a minimuc. 

The speed of the pump must be reduced when handiing 
liquids of high viscasity, and the size of lines increased 
to prevent cavitation, loss of capacity and higll power 
requirements. For tipica1 performance with liquids of 
varying vkcosities kindly see chart "E'' below. For 
speeds above 1800 rpm and fluid temperatures abwe 
200" F, consult factory. 

9 

BASED ON PUMPING LIQUIDS OF 2d' P7U VISCOSITY 

- RPM I 1w I 300 1 600 I 800 I 1230 1800 
P PRESSURE I 50-PSI I 1OO-PSII SO- 

I I - 
PUMP VISCOSITY 
MODEL SSU BPM HP 6PM 

500 1.3 
zc 1,Ooo 1.6 
IB sm 1 1.6 

2%" 3.0 

6.0 
I 

i -  

'sIloo-PsI ! so-PSI p " P s l  5 0  -. _r - 
HP BPM HP OPM HP OPI. HP 6PM 

4b 12 V4 2.4 Ya 2.0 H 4.0 
4% 1.5 1 'hl 3.01 VI) ?.8 H 4.5 -+ % 1.51 % I  3.21 % I  2.8 +I- % 4.6 

..! 

.PSI 
7 

I 

IHC 
1% 

- 
2 

- 
3 

7% 
10 
- 

OF POOR QUALITY 3 



=ST REPORT 

ALTERNATOR 
. 

Manufacturer..................... ................ Kato Engineering Co. 

................................... \L';?/??c ,?,7,LT/A Buyer's P..O.#. - 
Specification #.................b. ............... 
Buyer's Serial #................. ................ 
Monufacturer'g Ser. t.. .......................... S/U 7 ydr-"c 

. 



ADMI CQ I STR4TI VE DATA 

I hereby certify that  t o  the best o f  my kncw:edge a l l  tests were 
pet .'armed 4 n accc- .'ante w i  t h  test specifications in 

and d u e  data representing these tests 3s conta’ned . 
3n th is  report. 



ACQ 
ACI 
KVA 
Kb' 
PP 
GFV 
GFI 

x2 
=0 
W I  
m 

. Motor EFI 
Motor EFV 
TU1 
Pf 1 

If 
2; 
1-$,2- 3,3- 1 
1-2-3 
Vave 
Iave 
CC r e s  
cc Comp 
ZFf (Gerl.1 
EW (Gen.) 
HA 
CWFDE 
CCWDE 
EFT 
T'do 
T'C 
W&F 
CL 
SLL 

KAT0 ENGINEERING COMPANY 
Mankato, Minn. 

LIST OF SYMBOLS 

ORlGlNAL PAGE IS 
OF POOR QUAlITY 

Generator output vol tage 
Generator output cur ren t  
Ri 1 ovol t - amperes 
Power output o r  input  i n  kilowatts 
Power Factor  
DC voltage generator  f i e l d  
Generator f i e l d  amps 
Rated phase vol tage 
Rated phase cu r ren t  
Anmeter reading 
Line t o  Line 
Wne t o  Neutral  
Bevolut ions per minute 
ohms 
Pounds . 
Feet 
Dynarncwe ter 
Current Transformer 
Direc t  a x i s  synchronous reactance 
Direct a s i x  t r a n s i e n t  reactance 
Direct a x i s  subt rans ien t  reactance 
Short  C i rcu i t  Rat io  
Negative szquence reactance 
Zero sequ:ice reactance 
Motor Field Current 
Motor Field Volts  
Hotor e x c i t e r  f i e l d  cur ren t  
Motor Exci te r  f i e l d  v o l t s  
F'requency no load 
Requency f u l l  load 
Vol'tage no load * 

Voltage @ f u l l  load 
Line cur ren t  @ f u l l  load 
Three phase terminal  t o  terminal readings 
Three phase line cur ren t s  
Average of the  th ree  phase vol tages  
Average of the  th ree  l i n e  cu r ren t s  
Cross curren t  r e s i s t o r  
Cross curren t  compensation 
Exc i t e r  f i e l d  amps 
Exciter f i e l d  volts 
Not appl icable  
Clockwise facing d r ive  end 
Counterclockwise facing J r i v e  end 
Ef f i c  ie.rcy 
Direct axis  t r a n s i e n t  apen c i r c l i i t  tire constant  
Direct  a x i s  t r a n s i e r t  sho r t  r l r c u i t  t i m e  constant  
Windage 6 Frict l i tn  
Core l o s s  
Stray ioa6 loss 1-3 



KAT0 ENGINEERING COMPANY 
# 

L 

EXCITATION SC p 
EXC.POLARITY F% 
RES VOLT. 39* Q 

ROTATION e d  mE 
CONNECfEO A- 'f- 

-.i 
SEQUENCE /, 
COUM RUNOUT - -I 
C O Y M U T A T I O @ ~ ~  ~ ; L t ~ ~ .  
RADIO SUPPRESSION - 
BEARINGS O K  

MECH. BAL: (P - P) 

OR. END = 0 

AIR GAQ(MINIMUM1 

DIELECTRIC STRENGTH 

11 RVMBER OF LEAOS 9 
U 
31 VOLTAGE REGULATOR MODEL 

GEN F l O  
EXC ARM VOLT 

CONNECTEO FOR ,a, LEAOS WHEN CHIPPEO. - 
I U  --, vmlr 

\ 

V U L l  

PY FLO I VOLT 

INSULATION RESISTANCE 
b 

ME- GEN ARM 

GEN FLO M E G A  

EXC ARM M E W  c 

EXC FLO M E G A  
W FLO MEG n. 

- 

. 



KAT0 ENGINEERING COMPANY 
SYNCHRONOUS MACHINE COMMERCIAL TEST 

GEN ARM ~ O J O  VOLT 

-- G&' <LO I r o  0 VOLT 

EXC A W  /SO o VOLT 

EXC FLD / l o o  VGLT 

1 EXCITATION 

' EXC. POLARITY 

I RES VOLT. 

I Pkl FLO 

ROTATION CcJ FOE 

SEQUENCE 

- VOLT/ 

C O W  R U N O U T R R ~ ~ # L ~  $1 
COMMUTATION - 
RADIO SUPPRESSION - 
BEARINGS 

OR. E N 0  P 0 8 

OW. END = 0 c 

AIR GAPfMINIMUM) 

EXCITER &1/ . e~  ,q. $.s/ 
P.M. FLD. 

I I I I 1 I I OIELECTSIC STRENGTH 

1) NUMBER  LEADS 4 
2) CONNECTED FOR LEADS WHEN SHIPPED. 
3) VQLTAGE REGULATOR MODEL SIN 
4) VOLTAGE ADJUST RANGE: TO - VAC 

REMARKS 

ORIGINAL PAGE IS 
OF POOR QUALllY 

".' GENERAYO R 

2-5 % 
INSULATION RESISTANCE 
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A. 

B. 

C. 

D. 

EFFICIENCY CALCULATIONS S/N 74".Yt C 
r n E L  /om 

KAT0 ENGINEERING CO. MIL-STD 705 
. r4ETHrE / I S  

Mankato, Minnesota DATE Ji-30-77 

Friction & Windage Loss (No Excitation) 

Watts = F L N 
x 746 

. 5252 

Where: F = NET FORCE IN LBS. 

L - LEVER ARM IN FT. 

N = SPEED OF DYNOhQhfETER IN RPM 
G-3 - 

Core Loss 4 Nindage and Friction (a Rated Voltage) 

Watts = F L N 746 
5252 

- 3 z 5 s r  WATTS 

Core Loss B-A 

. 
ORIGINAL PAGE IS 
OF POOR QUALITY 

Arrpature Copper Loss (Stray Load Loss Test) 

Watts = 12. x R x 3 
b 

Where: I = I"ED ARMATURE CURREhT 

R - ARMATURE' RESISTANCE PER RIASE 

ann 

* (J5W )*  (*oor56 1 (3) 
AT TIME OF THE STRAY LOAD 

= 1asIB W:TS LOSS TEST. 
# 

Stray Load Loss 4 12R "os3 + Friction 6 Windage (a Rated Armature Current) 

Watts = F L N 746 
5252 

I- 

= - 
Stray Load LOSS D-(A + C) 

I 

- 



100 % L W D  
EFFICIENCY CALCULATIONS S/N 7 4  $24 

MODEL r0c.b bR9E 
MTO ENGINEERING CO. MIt-S72-705 

METHOD 415.0 
Mankato, Minnesota DATE 

E. Anmature 12R Loss' where: I,, = RATED ARMATURE CURRENT 

R7S - RESISTANCE 2ER PHASE 
Corrected to  7S.c 

- 
Where: if = FIELD CURREM' AT RATED LOAD 

R7S RESISTANCE OF TllE FIELD 
CORRECTED TO 75.c 

Total Losses (Watts) 

1. 'Friction 6 Windage Loss - 4 70 8 '3 
2. Core Loss g s o a  '. 
3. Stray Load Loss M Y 7  
4. Armature 122 LOSS I / V  t 
5. Field IZR Loss - C 8 9  a 
6. ercI?s& L b r r d S  - r o o  

Effic4encv: 

Output + Losses - 100 - (JVb9b) ( 100) 

- 100 - S Y q q  
4 0 0  0 J aao'S7G36'  

1-10 

7 



7 S %  L o 4 0  
EFFICIENCY CALCULATIONS 

KAT0 ENGINEERING CO. 

Mankato, Minnesota 

Friction & Windage Loss (No Excitation) A. 

B. 

C. 

D. 

Watts = F L N 
. 'm x 746 When: F *  NET FORCE I N  LBS. 

LEVER ARM IN FI'. 
b 

L =  
I 

. 5252 x 746 N =  . SPEED OF DYNONOMETER IN R3M - -  
wins = a7093 

Core Loss + Windage and Friction (@ Rated Voltage) 
. Watts = F L N 746 

5252 
- 

x 746 

WATTS 

4. 

- 

Core Loss B-A 

t - 
= gsoa \ V A T S  

Annature Copper toss (Stray Load Loss Test) 

. 

Watts - 1zam x R x 3 Where: I = 

= (  l2  t 1 (3) R =  

W E D  ARMATllilE CURRENT 

ARMATURE' RESISTANCE PER PIUSE 
AT TIME OF TItE STRAY LOAD 
LOSS TEST. 

I 

I WATI'S 

Stray Load Loss + 12R Loss + Frict ion & Windage (0 Rated Armature Current) 

watts = 

I 

= 

F L N  
5252 746 

x 746 
5252 

WATrS 1-11 

(1 
. - 



7 5  L O A D  
EFFICIENCY CALCULATIONS S/N 

MODEL 
LiTO ENGINEERING CO. 

h k a t o ,  Minnesota 

MlL-STD-.705 
METHOD 415.0 
DATE 

E. Armature 12R Loss' 

2 Watts - I ann x R~~ x 3 

- (  12 ( , 1 (31 

F .  Generator F i e l d  l2 X R Loss 

&re: I,, RATED ARMATURE CURRENT 

R75 I RESISTANCE PER PHASE 
COtTeCtCd t o  7s.c 

.R7S - 234.5 + 75 
234.22- X -  ohms 

OhmS - 309.5 

. I  Ohms 

If = FfEW CURRENT AT RATED LOAD 

s v390 
Total Losses (Vatts) 

'= 309.5 x 

9 .* Ohms 

1. Friction & WinCage Loss - a 7 0 8 3 
' 2. Core COSS -- s r o a  

3. Stray Load Loss 1 9 3 4  
4. Armature 1% Loss G7 0 0 
5. Field I2R Loss Y 3 P  0 
6, PrCtrtrR S?d- 

Y q a w  Eff'ciency: 

Losses x 100 
Output + Losses 

% Eff. 100 - 

# E f f .  93 .8Y-  1-1 2 

c 

-: ohm 



50 CrU La&& 
EF F I C I ENCI CALCULATIONS SIN 7q3@d 4s 

ORIGINAL PAGE 1s MODEL 400 0 
KAT0 ENCIMEERING. CO. MIL-STD 705 

METtDD //&YO 
OF POOR Q u A i m  

Mankato, Minnesota DATE / / - a 3 * 7 6  

A. Friction 6 Windage Loss (No Excitation) 

Watts = F L N 
. BT x 746 Where: F - NET FORCE IN LBS. 

L = LEYER ARM IN R. 
= 

. 5252 x 746 N = SPEED OF DYNOFlOFETER I N  RPN . 
.- 

WAnS 
- a70r3 

9. Core Loss + Windage and Friction (e Rated Voltage) 

Watts = F L N 746 
5252 

. 

= 
x 746 

= .  WATTS 

Co1-e Loss E-A 
i 

.*. 
t 

I .  Armature Copper Loss (Stray Load Loss Test) 

Where: I - W E D  ARMATURE CURRENT Watts - 1 2 ~ ~  x R x 3 

R - ARMATURE'RESISTANCE PER P t u w  
AT TIME OF TI!€ S7'RAY LOAD 

= <  12 ( 1 (3) 

8 WATTS LOSS T E S .  
I 

0. Stray toad Loss 4 IzR Loss + Friction 6 Windage (0 Rated Arm .are Curzent) 

Watts = 

I 

m 

F L N  
5252- 746 

x 746 . 
5252 

1-1 3 WATTS 

Stray Load loss = 0 - ( A  + C) 

\ 
_I_ J 

. 



SJM 74-6 
MODEL / O b 0  €RP€. 

r o  % LOAD 
EFFICIENCY CALCULATIONS 

QR\G\N~L " KAT0 ENGINEERING 0. MSL-STO-705 
O~ POOR METHOD 415.0 

bnkato, Minnesota DATE t / - 3 a = 7 &  

E. Armature IzR Loss' #hem: lam - RATED ARMATURE CURRENT 

Natts = I 2 arm X R,5 x 3 
R75 - RESISTANCE PER PWX 

Corrected to 7S.c 
- (  12 ( 1 (3) 

# \  z R7S - 234.5 + 75 . 234.5:*,7 x s  o b s  

309.5 
- A  O b  

. 
F. Generator F i e l d  I* X R Loss men: if 

* '.'otal Losses (Watts) 

= FIELD CURRENT AT RATED LOA[) 

s RESISTANCE OF TIE FIELD 
CORRECTED TO 7S.c &. 

= 234.5 + 75 .~ ohms 134.5 

'It 309.5 
c 

e?: ohms 

. 
# E€€. = 9a,og' 1-14 ' r  



A. 

B. 

C. 

D. 

Frict ion & Windage Loss (No Excitation) 

Watts - F L N 3~ x 746 Where: F - NET FORCE IN LBS. 

I,. LEYER ARM IN FT, 
e 

t 

x 746 N - SPEEI! OF DYNObiOMETER *IN RPM 
-- 

, 5252 
0 - -  

Core Loss + Windage and Fr ic t ion  (0 Rated Voltage) 

Watts = F L N ,46 
SZS2 

.: 
x 746 

WAlTS 

Core Loss B-A 

= g.E.6a- WAITS 

Armature Copper Loss (Stray Load Loss Test) 

Watts 

Stray 

Watts 

Siray 

. 

. 
w- 

- .  

bs7 - .  

- 1zam x R x 3 Where: ‘I = RATED ARMATURE CURRENT 

A = W X J R E ’  RESISTANCE PER P ~ ~ A S E  
AT TIME OF THE STRAY LOAD 
LOSS TEST. 

.* t 12 ( a 1 (3) 

WP, I T S  
I 

Load Loss + 12R Loss + Frict ion & Windage (@ Rated Airnature Current) 

= F L N  
5252 

= x 746 .- 
5252 

NATTS 

Loid LOSS D- (A  4 C) 

1-1 5 

, 



E. Arkture 12R Lot; 

EFFICIbkY CALCUwlTIONS 

KAT0 ENGINEERING CO. 

HMkato, Minnesota 

F.  Generator Field I2 X R Loss 

where: I,, t 

R7s - 
R7S = 

e 

I 

. 
where: if 

RATE0 ARMATURE CIJRfEI"r 

RESISTANCE PER W E  
Corrected t o  7S0c 

a i .  

234.5 + 7 s .  * 
234.&,,, X. ohms - 

J 

O b  309.5 ' .'. .- x - .- . 
* '  . I  . .ohas 

FXELD . .  CURREIW A? RATE0 M A D  

Total Losses (Watts) 

. 1. 'Friction 6 Windage Loss - a7093 
2. core Loss %So ;L 4 

3. Stray Load Loss -13s 
4. .Axmature I ~ R  LO& 

S. Field 12R LOSS - I t b r  
V 76  

6. EnCc7EA Lor+ 
Efficiency: 

- .  

I3 6 , c . - k  



l o  % LoAd 
S/N 74-6 
MODEL /OB@ 
MIL-STD 705 
METHOD //f*O 
DATE 11-30 -7r; 

EF F ICI ENCY CALCULATIONS 

KAT0 ENGINEERING CO. 9 

Mahkato, Minnesota 

Friction & Wipdage Loss (No' Excitation) A. 

B. 

C. 

0 .  

Where: F =  

L -  

N =  

NET FORCE IN LBS. 

LEYER ARM IN FT. 
t 

x 746 . 5252 SPEED OF DYNOFI(XIETER IN Rnl 
.- e 

Core loss 4 Windage and Friction (@ Rated Voltage) 

x 746 Watts = F L N -- 
s252 

ORlGlNAL PAGE Is L 
of POOR QUALJN 

I 
x 746 

- .  
I WATTS 

Core LOSS B-A ._,I 
-. 

'-. 

= . B 5 F Z  W A T I 5  

Annature Copper Loss (Stray Load Loss Test) 

Watts - -  IZam x R x 3 Where: I - 
- (  1.2 ( 1 VI R =  

m WATTS 

RATED ARMATURE CURRENT 

ARMATURE' RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
LOSS TEST. 

8 

Stray Load Loss + 12R Loss + Friction 4 Windage (@ Rated Armature Current) 

Watts = F Y 
Sm- 746 

9 .  

t x 746 - 
5252 

1-17 . 
I NATTS --- 

Stray Load LOSS = L-(A + C) 

I 



KAT0 ENGINEERING cb. HI L- m- 70 5 
METHOD 415.0 

Mankato, Minnesota DATE 3?3 Mad r474.  

E. Armatur6 12R Losi 

Watts = I 2 a r m X  R,5 x 3 
R75 = RESISTANCE PER PHASE 

Corrected to 75.c 

R75 = 234.5 + 75 
234.L.t- x -  ohms . 

Ohms . * 
. - 309.5 - x  

, 
- - .  - . ohm5 

. 
F. Generator Field I2 X R Loss .f 

5 5  

- FIELD CURRENT AT RATED LOAD 

= RESISTANCE OF TtlE FIELD 
CORRECTED TO 3Soc . 

ohms %S = 234.5 + 75 . x  
234.5 + 

ohms .= 309.5 x 

m ohms = jc;Lo U J + T ~ S  
Total tosses (Watts) 

1. 'Friction 8 Windage Lost 176 S3 
2. Core Loss moa 
3. Stray Load Loss 3 r  

6. E l t t t r E R  ~ 8 8  

4. A - t m  I2R Loss 119 
5, Field IZR Loss 152 0 

Efficiency : 
3 7 w r  

4 

.. 



ORIGINAL PAGE IS 
OF POOR QUALIH 

n. 

B. 

C. 

0. 

EF FICI ENCT CALCULA~I ONS 

KAT0 ENGINEERING CO. 
# *  

Mdkato, Minnesota 

Friction & Windage Loss (No Excitation) 

Where: F = NET FORCE IN LES. Watts = F L N 
. x 746 

L = LEYER ARM IN FT. 
m 

. S252 x 746 N - SPEED OF DYNOFIOMETER IN RPhl 
G s l m b -  

WATTS 
= a70ff3 

Core Loss + Windage and Friction ( a  Rated Voltage) 

Watts = F L N 746 
5252 

Core Loss B-A 

= f r o 3  WATTS 

. 

. -  

Armature Copper Less (Stray Load Loss Test) 

mere: I = RATED ARM~TIJRE CURRENT Watts -. Izam x R x 3 

= WATTS 

R = ARMATURE' RESISTANCE PER PHASE 
AT TIME OF THE STRAY LOAD 
ms m. 

, 
Stray Load Loss + 12R Loss + Friction 6 Windage (C Rated Armature Current) 

watts - 
I 

m 

F L N  
St52 746 

x 746 
5252 

W A n S  

Stray Load LOSS a D-(A + C) 
119 



. 

EFFICIENCY CALCULATIONS SIN 79s ' rG  

'IIATO ENCINEERINC CO. 
MOBEL &@so eR?E 
MIL-STD- 70 5 
METHOD 41S.O 

Hankato, Minnesota DATE 30 AJOO 497 1 

E. Armature 12R Loss. 

= d27G 

. .  

Total Losses (Watts) 

b 

Wher 

R7S - RESISTANCE PER PHASE 
Conected to  7S.c 

R7S - 234.5 + 75 
234.4?., X -  ohas 

O b  

. = .  Ohms 

- 
.If = FfELD CURRENT AT RAED 'MAD 

m 3s = RESISTANCE OF TllE FIELD 
CORRECTED "0 75Oc 

. .  

. ohms R;s = 2 3 . 5  + 7 5 ,  
234.5 + 

-- 309.5 x 

m Ohrps' 

4 
'100 -. (479 SI) (100) 

100 - 4,sg 
p o o ,  boo+ 4798.1' 

' .  

* 
.-2 . 

ohms 

. .  

.. 

# E f f .  - 7% 4- 1-2 0 

1 3  



73- % L o r 9 0  1.0 P F  

. EFFICIENCY CALCULATIONS 

ORIGINAL PAGE JS 
POOR QUALITY 

KAT0 ENGIN€ERING, CO. 

Mankato, Minnesota 
OF 

A. 

B. 

C. 

0. 

Friction & Windage Loss (No Excitation) 

NET FORCE IN LBS. 

- A R M  IN FT. . 
0 

Watts F L N . s z s z  x 746 When: F =  

L m  

N -  
8 

. 5252 x 746 SPEED OF D W I O M E T E R  IN RPM 
.eb?P - e 

Core Loss 4 Windage and Friction (Q Rated Voltage) 

x 746 

#lAm 

. -  

Watts 8 f L N 746 
S252 

8 

. -  
I 

Core Loss B-A c 

:.? 

0 

Armature Copper Loss (Stray Load Loss Test) 

Matts = IZam x R x 3 Where: I = RATED ARM4TIJRE CURRENT 

R = ARMATURE' RESISTANCE P!3 PHASE 
AT TIME OF nE STRAY LOAD 
Loss TEST. 

# 
I WAITS 

Stray Lod Loss + I z R  Loss + Friction 6 Windage (e Rated Annature Current) 

Natts = 3F2k2N 746 

= x 746 
5252 

= WATT'S 

Stray Load Loss D-(A + C) 1-2 1 



KAT0 ENGINEERING CO. WIL-sTD-7OS 
METHOD 815.0 

Mankato, Minnesota . DATE 

E. Armature 12R Loss' 

. 

e 

R7S = RESISMNCE PER P!iA!jE 
Corrected to 7S0c 

R7S - 234.5 + 75 
X .  ohms )34*Lt*,,. 
O b  - 309.5 . ,-x 

. Total Losses (Watts) 

1. .Friction 6 Windage Lost 2 30 b 3 
2. corn Loss . t n t  
3. Stray Load Loss )La% 
8 .  f2R toss 41 G t 
5. Field IZR Loss M 3 b  - 
6 eSC8TSP 2263 

43 r Y  lr Efficiency : 

Eff.  I) 100 - Losses loo 
Output + Losses 

100 - ('fSJ9F) (100) 
'ttro,&oa+ Y 3 w f  . 

= 100 - $34 
Eff. = 9 q I s , f  

c22 

= FIELD CURRENT AT RATED L A D  

= RESISTANCE OF Ill€ FIELD . 

CORRECTED To ZS'C :. 

= 234.5 + 75 
234.3 + 

309.5 x 

. -  
ohms 

c 

ohms 

* 

t 

IQ. 



Mmkato, Minnesota 

A. 

B. 

c. 

0. 

Friction 8 Windage Loss (No Excitation) 

Watts = F L N 
* m~ x 746 Were: F - NET FORCE IN LBS. 

c 

L = WER ARM IN m. 
N = SPEED OF DYNOMIhlE'I'ER IN RPM 

I 
x 746 

e 
1 G 3 ? , '  

* 5252 

Core toss + Windage and Friction (f? Rated Voltage) 

Watts = F L N 
5252 74b 

I a 

x 746 

. 
I WAm 

C O ~  LOSS B-A 

8 - 

b, 

. .  

.- 
' . ? ?  

Armature Copper Loss (Stray Load Loss Test) 

Watts = 1zam x R x 3 Where: I - RATED ARF(AT1IRE *RENT 

P, - ARMATURE RESISTANCE PER PHASE 
AT TIME OF "HE. S7RAY LOAD 
Los TEST. 

* (  1.2 ( 1 (5) 

I 
= WAITS -..- 

Stray Load Loss + 12R b 5 s  + Friction 4 Windage' (I Rated Arkature Current) 

Watts = 

m 

= 

F L N  s m  x 746 

x 746 . - 
WATTS 1-23 

Stray Load Loss = D-(A + C) 



DRlOlNAI. PAGE 
OF PoQRQUALITf 

E. 

a, 

Armature 12R Loss' 

%S 

= (  12 ( 

Watts = I 2 MII x 

$0 Q ~ ~ . L Q ~ D  a /,&PE: 
BFPICIE#CI CALCULATIONS s/N WS+ 

MODEL /oat3 E-- 
KAT0 ENGINEERING CO. MI L-STD- 70 S 

METHOD 415.0 
Murkrto, Minnesota . OATE 30 N O W  4976 

Where: I-.= 

- =  
. 

P. Generator Field I* X R Loss mare: I; 

- Total Losses (Watts) 

1.' 'Friction 8 Windage Loss 

4. h t I U 0  I2R Loss 190z 
S. Field I2R toss 86 37 - 

2 7 0  9 3 
2.. cops Loss r'se 2. 
3. Stray Load Loss . . sro  

c. ErerrtZP CoFJES a a 
E f  ficiancy : 3W4S 

1-24 

55 = 

R;s. = 

RATED ARMATURE CURRENT 

RESISMNCE PER PHASE 
Corrected t o  75% 

234.5 *' 75 
2 3 4 . u -  X .  ohms 

O b  
309 s - X  

. o b  

. ,  

FIELO CURREIW AT kT&D LOAD 

RESISTANCE OF THE FIELD 
CORRECI'ED TO '715'~ c 

. .  234.5 + 75 . x  ohms 134.5 + 

- 
ohms . ty 309.5 x 

.. .' 
I ohas 



A. 

B. 

C. 

0.  

Friction 8 Windage Loss 

Watts - F L N 
; 3~ x 746 

I 

. 5252 

I 23083 

(No Excitation) 

x 746 

WAlTS 

Where: I: NET FORCE IN LBS. 
e 

L = LEYER ARM IN FT. 

N = SPEED OF DYNOFlOMETER IN RPM 
e .- - 

Care Loss + Windage and Friction (Q Rated Voltage) 

Watts - F L N 746 
SZSZ 

.I 
x 746 

Core Loss B-A 

850% WATTS 

Armaturs Copper Loss (Stray Load Loss Test) 

Where; I = RATED ARMATIJRE CURRENT Watts = IZam x R x 3 

P WAITS 

R = ARMATURE'RESISTI\NCE PER PWSE 
AT TIME OF TlfE .SI?AY LOAD 
Loss TUT. 

I 

Stray Load Loss + 12R Loss + Friction 6 Windage (0 Rated Armature Current) 

Watts = F L N 746 
STsT 

= x 746 
5252 

P UATTS 

Stray Load Loss = 0- (A + C) 
1-25 



E. Amaturn IzR Loss' 

F, Generator Field I* X R Loss 

- RESISTANCE PER PHASE 
Comctcd t o  75.c 

*75 = 254.5 + 75 
a . 234. si- X -  ob!, 

5s 0 RESISTANCE OF THE FIELD 
c o m m  M 75'c 

.. 

ohms . %S 234.5 + 75 , x  
234.5 + 

Total Losses (Watts) 

% Eff. 

1-2 6 



EFFICIENCY CALCUUTIONS S/N 7ysaL 
ORIGINAL PAGZ IS MODEL /COPE&% 

KAIQ ENGINEERIrW, CO. ' MIL-STD 705 
METtEOD Y G o  OF POOR QUALITY 

Mankato, Minnesota * DATE 30 rUdV l 9 7 6  

A. Friction 8 Windage Loss (No Excitation) 

Watts = F L N 
x 746 

I 

. 5252 x 745 

When: F = N&T FORCE IN LBS. 

t .I EY€R ' k M  IN FI'. 

N - SPEED OF DYNOfiOfETER IN RPM 

8. Core Loss + Windage and Friction (@ Rated Voltage). 

Watts - F L N 746 . 
5252 

I 

x 746 

Core Loss 0-A 
. 

- -- 
I R-0 3 WATTS 

C. Armature Copper Loss (Stray Load- Loss Test) 

Watts - IZam x R x 3 
Wherc I RATED ARMATIJRE CURRENT 

R = M ~ E '  RESI~TANCE PER pivis'. 
AT TIME OF TIE. STRAY LOAD 

- (  1.2 ( 1 (3) - WATTS Loss' m. . 
I 

0. Stray had Loss + 12R Loss 4 Friction 6 Windage (e Rated An.&= Current) 

Yatts - F L N - , g g  x 746 

rn x 746 
5252 



OF 

e. 

P. 

Armature 12R Loss' 

Watts = I 2' am x R , ~  

m (  12 ( 

Mmkato, Minnesois 

.. 

Generator Field I* X R Loss where: ff 

. .  
.I 

Total Losses (Watts) 

RATED ARMATURE CtmRENT 

RESISTANCE PER PHASE 
Comcted to 7syc 

234.5 + 75 x. ohms =L:v 
309. s - x  O b  

FXELD CURRENT AT RATED LOAD 

RE3ISTANCE OF THE FIELD 
CORRECTED To 7s0c 

369 5 - x  
- 

ohms 



P z 

3 4  
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R.A. &Kay 
F i n a l  Draft 

A. PUKPOSES 

1. To verify tht the HPC Power System 76-1 (a) complies with the contract 
specifications as enbodied in Contract 954404, Fxhioit 1, and HPC Draw- 
ings B13 and B14, (b) is a cmplete and functioning subsystem in cm- 

pliance with Hpc Drawing B20, and (c) is ready for delivery to  JPL. 

2 .  To verify that  the interfaces between the HPC Power System 76-1 and the 
JPL support system are correct and to  demorstrate that  the Power System 
and the JPL G m t n l  an6 Ixtnrment Support Van function together as a 
system. 

B. APPROACH 

1. Hpc assemble, prepare, and check the Power System in  ?lission Viejo. The 
preparation should include: 

a. Preset vibration switches (Vl, V,) to NC (normally closed) plus margin 

b. Preset underspeed switc!! (US) t o  NO (nonnally qa) a t  ?r 550 Hz. 

c. Preset high o i l  tempratwe (OW) switch to  ?Jc 21SOOF. 

d. Preset low o i l  pressure (LOP) switch to MI <10-12 psig. 

e. Rese t  shaft seal pressure (SSP) switch to  NO 5125 psig. 

f.  

g. Preset Stop (S) rate for Automatic Stop valve. 

h. Preset Stop (S) rate for Governor Override. 

i. Preset hergency Stop (ES) rate for Automatic Stop valve. 

j . Preset Emergency Stop (E) rate for Governor Override. 

JPL assemble and check the Control and Instnanent Support Van equipment 
and associated cables in  Pasadena. 

.. 
a t  rest. v1 -V? - 

Preset overspeed (OS) switch to  NC 52200 RPM = 63 Hz. - 

2 .  

-1- 



3. When both assemblies are ready, transport Van to Mission Viejo. Park 
along curb toward front of 25721 Obrero and order a i r  campressoxc for 
driving Power System. Compressors w i l l  arrive in seven days. When 
they arrive they w i l l  park along Obrero toward rear of 25721. 

4. k i n g  wait for compressors, JPL w i l l  interface w i t h  the Power Systems 
a t  the terminal s t r ips  TB'W'', TY'EB", and TB"EC' in the junction boxes 
ar shown on HPC Drawing B20 . As part of the procedure of interfacing 
a t  the terminal strips, each function possible w i l l  be checked for 
end-to-end signal to  verify that the JPL and HPC w i r i n g  diagrams are  
correct and correctly executed and that the nomenclature is mutually 
campatible. 
under Static Test Procedure, Section C, and the mer System w i l l  be 
checked against Exhibit 1 and Hw: Drawhgs B13 and B14. 

5 .  After the corepressors arrive, the Dynamic Acceptance and Interface 
Testing w i l l  be p e r f o d  as described under Dynamic Test Prucedures, 
Sections D and E. 

Stat ic  testing w i l l  then be carried out as  described 

6 .  The Load Bank Interface iesting w i l l  not be Insliida2 Li Y ~ ~ S ~ G Z  Z e j z  

because of insufficient power. 
testing for brine parameters, pressure, temperature, and flow rate w i l l  
be postponed t o  the f ie ld ,  except that a t  least two unmunted tempera- 
ture and pressure measuring devices w i l l  be wired and monitored. 

Also science data instruinentation 

-2- K 2  



ACCEPT= AND INTIZFACE TESTING (Cont'd.) 

C. 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

11. 

STATIC TEST 

Check Batteries. 

Jumper LOP switch. 1- Keep jtpllpered through step C-22. 

Reset Ehergency Stqt e l ~ y  t3 energize the safety shutdown circuit. - 
Verify that +he Exciter switch is in Underspeed Bypass position. - 
Acthate Data Logger and Intercoms. Tog Ssp 

I___ 

- fad+.  

Operate pump #l to prime lube oil system. 

Operate pump 82. 

to 150 psig. -- Verify that bearing and winding temperatures, bearing 
thrust, and throttle position are  being logged. 

Pressurize - At 125 psig monitor no fault. - 
See check-list in 

Appendix. 

Mmmtarily turn (key) Start switch. Throttle should open. 
Obse. *-e. m5 Stop relay should reset. 

Operate p ~ i p  83 to open Automatic Stop valve fully. 

Press Stop button at power plant. Observe Throttle and Automatic b 

Stop valve close slowly. 
Stop valve. - Log Throttle position. 

Estimate closing time of Automatic 
7- 

b Throttle shwld  open. Observe. bnentarily turn S t a r t  switch. - 
Log * Stop relay should reset. 

b - Throttle response mst be verified. It may be necessary t o  monitor 
the Governor Override Stop relay isntead. 

Date: Test Staff: 

Notes : 

-3- K 3  



12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

/ b Press Stop button in Van. Observe Throttle close and Stop relay 
trip. -- Estimate closing time of Throttle. Log 
Throttleb position. 

Momentarily turn Start switch. 
relay should reset. 

Operate pump #3 to open Automatic Stop valve fully. 

Press brgency Stop button at pawer plant. 

Throttleb should open and Stop 
b Log Throttle position. -- 

observe Throttleb 
and Automatic Stop valve close rapidly. 
time of Automatic Stop valve. Log Throttle position. 

Estimate closing 
b. 

b Reset Emergency Stop relay. Observe Throttle open and Farergency 
Stop realy reset. 

Press Einergency Stop button in Van. 
and Emergency Stop relay trip. 
Throttle . 
Reset krgency Stop relay. 
Stop relay reset. 

Underset or otherwise trip vibration switch V1. 
Log V1 fault and Throttle close and Stop relay trip. 

posit ion. 
Start switch mentarily. Throttle should open and Stop relay 
should reset. 

b Log Throttle position: -- 
b Observe Throttle close - 

Estimate closing time of 
b y .  - Log Throttle poS1tlon. b 

b Observe Throttle open and Bnergency 
b Log Throttle position. -- 

b Observe Throttle 
b - 

-- 
Reset V1. Log M) fault. Turn 
b 

b 

-- 
-- Log Throttle position. - 

- 

b - Throttle response nust be verified. 
Governor Override Stop instead. 

It may be necessary t o  monitor the 

Date : Test Staff: 

Notes : 

K4 
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b 20. Underset o r  othexwise t r i p  Vibration switch V2. Observe Throttle 
close and Stop relay t r ip .  -- Log V2 fault and Throttle 
posit ion. Reset V2. Log no fault .  Turn Start 

b 

L 

switch. Observe Throttle" open and Stop relay reset. 
b Log Throttle position. 

b 

b 
21. Open OHT circuit .  Observe Throttle close and Stop relay t r ip .  

Log OH" fault  and Throttle position. -- 
b 

-- 
Restore OHT circuit. Turn Start  switch. Observe Throttle 
open and Stop relay reset. 

22. Turn Exciter switch to  On position to  open US bypass. Observe 
b Log US fault and Throttle close and Stop relay t r ip .  

Turn Exciter switch to  US bypass. b Throttle position. 
Log no fault. Turn Start  switch. Observe Throttle 
open and Start  relay reset. 

Stop relay trip.  -- Log LOP fault  and Throttleb position. 

-- 

-- 
b 

-- 
b Log Throttle position. 

b 23. Remove jumper f r m  LOP switch. Obs,orve Throttle close and 

-- 

24. Open battery circuit by pressing Fmergency Stop button. 
bearing and winding temperature data. 
Appendix. 

Log a l l  
Refer to check-list in 

-- 25. Turn off Data Logger. %m off Intercoms. 

b - Throttle response m s t  be verified. 
the Governor Override Stop instead. 

It may be necessary to  monitor 

Date : Test Staff: 

Notes : 
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ACCEPTANCE AND INTERFACE TESTING ( h t  'd. ) 

D. DYNAMIC TE!3 PROCEIKIRE: MODIFIED START, RUN, STOP 

1'. Deactivate Governor override relay for Stop circuit. Install 
circuitry with auxiliary switches to permit bypassing the OS switch and 
place a meter across the OS switch terminals. 
cuit in safety position. 

Leave bypass c i r -  

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10. 

Inspect the Power Plant, Van, and Cables for readiness. 
Verify that Main C i r c u i t  Breaker is open. 

Check Batteries. 

Reset Energency Stop relay to energize the safety shutdown circuit. -- 
Verify that Exciter switch is in  Underspeed Bypass position. 

Verify that Automatic Stop and Manual 8" gate valves are closed. 

Turn on compressors. $car ear protection as necessary.) 

Open ,Manual gate valve ful ly .  

Operate pump #I t o  prime lube o i l  system. 

Open shaft guard 41. 
Close guard. 

Manually rol l  over power train. 

~ 

c - This step permits OS switch bypass but retains manual ES shut-dawn v i a  

Governor Override from Power sytem and in Van. 

Date: Test Staff: 

Notes : 
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11. 

12. 

13. 

14. 

i5. 

16. 

Log LOP - Activate Data Logger and Intercoms. 
fault and SSP fault .  

Hold Start  switch on. Log SSP fault. Operate pump '2 
t o  provide 150 psig o i l .  Log no faul t .  Observe Throttle 
open* Log Throttle position. Cycle Exciter switch. 
Log US fault .  

With Start  switch st i l l  on, operate pump # 3  to  partly open Automatic 
Stop valve. Rotation should start. Watch Tachometer and 
drive f luid pressure. Watch o i l  pressure to  bearings. 

Observe Automatic Stop valve close slowly, stopping rotation. 
Ing ioP fault. 

With Start  switch held on, operate pump #3 ta p r t l y  open Automatic 

Release Start  button slightly below LOP setpoint. 

Log engineering data. See check list i n  Appendix. 

Stop valve. Observe rotation. Monitor Tachometer 
and drive fluid pressure. b i t o r  o i l  pressure to  bearings. Release 
Start button when o i l  pressure is above LOP setpoint. Obsenre 
plant continue to  run, throttled by Automatic Stop valve. 
Log no fault. 

Verify that lube o i l  reservoir temperature is above 60'F. Otherwise, 
wait unt i l  it is. Then continue t o  open Automatic Stop valve 

Observe Governor to  bring plant t o  standard operating speed. - 
take over. Monitor RPM and adjust Governor as necessary. Open 
Automatic Stop valve slightly mre. 

Partly close Manual gate valve unt i l  plant begins to  slow.. - Open 
Automatic Stop valve ftclly, closing Manual gate valve in alternate 
increments i f  necessary to  hold plant speed nearly constant. 

Date: Test Staff: 

hbtes: 
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Transfer speed control t o  Manual gate valve w i t h  Governor adjusted 
for fu l l  Throttle. 

Prop Automatic Stop valve about 7/8 open. 

With Manual gate valve, adjust speed t o  standard operating d. 
Check operation of V1 two o r  three times by adjusting sensit ivity 
and adjust for n o m 1  plant operatioil. 
no fauit. 
the prop. 
Operate p u p  I3 t o  open Automatic Stop valve fully.  
operation of V2 two or three times by adjusting sensit ivity and adjust 
for nonnal plant operation. - Log V2 fault and then no fault .  

Observe Automatic Stop valve close against tne prop. 
Turn S t a r t  switch to  reset Stop relay. Operate R3 to 
open Automatic Stop valve fully. 

Bypass 05 switch and turn on meter. With Mmual gate 
valve and tachometer, check OS t r i p  RPM. Note RPM a t  which t r i p  
occurs. If t. does not o c m  before 11% overspeed, (see Rotur 
RPM table), set overspeed a t  104, (see table),  and adjust 0s t r i p  to  
just open. 
OS t r i p  closes. 

switch. 
Emergency Stop if  RPM exceeds 2400 RFM. 

Log V1 fault  and 12 A 
0bser;e Automatic Stop valve close against 

"urn Star t  switch to  reset Stop re.'ay. 
Check 

Then reduce RPM g r a b l l y  to  determine RPM a t  which 
Verify that  OS t r i p  opens on rising RPM. 

Reduce speed to  close OS switch and terminate bypass of OS 
During th i s  step, continuously monitor RPM and press 

17. 

18. 

19. 

d - or  adjust speed t o  a vi3ration node if one appeared during start-up. 

Date : Test Staff: 

Notes : 

K 8  
-8- 



20. 

21. 

22. 

25. 

24 * 

25. 

Male 

3000 
4000 
so00 

Rotor Set F Female 

Overspeed 
10% 11% 

2000 2200 2220 
2667 2933 2960 
3333 3667 3700 

i 

Medim s p e d  
High Speed 

Adjust Manual gate valve so that speed cannot reach 10% oversped 
Then reduce (See Rotor RPM table) w i t h  Thmttle wide open. - 

speed to standard RPM w i t h  Governor and Throttle. 

Open OHT circuit. Log OHT fault. Observe Automatic 
Step valve close against the prop. Reconnect ET circuit. 
Log no fault. 
Operate pump t 3  to  open Automatic Stop valve filly. 

Prap. 

Turn S t a r t  switch to  reset Stop relay. - 
Remove 

Turn on Exciter. Observq volt meter and frequency meter a t  

Power Plant. Observe same in  Van. Log 
voltage and frequency. Compare. 

Adjust voltage at Power Plant. Checkremote voltage adjustment 

capability. - 
Adjust frequency to 60 Hz a t  Power Plant. 
ad j usanent capabili - j .  

Check operation of oil cooler fan. 

Checkrwte frequency 

-- 
Direct ion. 

Date: Test Staff: 

Notes: 
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26. &eck operation of ammeter a t  Pow& Plant. 

27. Check Main Circuit Breaker remote t r i p  operation. 

-- 28. Check greaser operation. Set pressure at  P1 + 100 psi. 

8. Using Manual gate valve, reduce RPM to  monitor US t r i p  speed. 
Observe Automatic Stop valve close and Plant stop. 
Log US fault. 

30. Press Emergency Stop button to open battery circuit. 

31. Reactivate Governor Override relay for Stop circuit. Remve 
meter and bypass circuit from Overspeed switch and replace leads on 
NC terminals. - 

Date : 

Notes: 

Test Staff : 
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ACCEPTANCE AM) IM'ERFACE TESTING (hnt 'd , )  

E. 

1. 

2. 

3. 

4. 

5 .  

6 .  

7. 

8. 

9. 

10. 

11. 

Walk around Plant inspect ion. 
is open. 

Verify that Main Circuit Breaker 

Check battery. 

- Reset ES reldy. 

Verify that o i l  Place Exciter witch i n  US Bypass position. - 
cooler fan is in On position. 

Activate Data Logger and Intercams Log LOP fault: 
and SSP fault. Log engineering data. - 
Open Manual gate valve fully. 

Operate pump #l to  prime lube o i l  s;.stem. 

Operate pump #2 to provide 150 psig o i l .  LOP fault only. 

- Observe Throttle open. - Hold Start switch on. 

While holding Start switch on, operate pwup #3 to  open Automatic Stop 
valve part way. Watch Tachometer and driving pressure. 

Watch o i l  pressure to bearings. Release Start switch when 
Plant w i l l  continue to  pressure exceeds LOP point (%12 psig). - 

m, throttled by Start/Stop valve. 

Verify that lube o i l  reservoir temperature is above 60'F. Otherwise, 
wait unti l  it is. Then continue. Open Automatic Stop valve to  
bring Plant to standard operating speed, shifting control to  the Governor 
and Throttle. 7 Open Automatic Stop valve fully. Monitor RPM 
and adjust Governor as necessary. _I_ 

Date: Test Staff: 

Notes : 
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1 2  Turn on Exciter. Watch Volc.mter and Freqwxy Meter a t  Power 
Plant 0 Look for Ammeter response. Adjust 

13. 

14. 

1s. 

16. 

17. 

18. 

19. 

20. 

frequencey to 60 Kz with Cavernor. Adjust voltage to  A80 V. 

Check O i l  3 o l e r  a i r  flow. 

Cycle the Exciter to check the Governor response. b n i  tor effect 
on frequency. 

Operate plant three :rows. Log engineering datr. Refer 

to  check-list i n  Appendix. Verify GreaseL operation. -- 
Press Stop button i n  dan. Obsenre Automatic Stop valve slowly 
close and brins Plant to a stop. 

Turn off Data Logger. - ' h rn  off Intercoms. 

Press ES button to  open Battery circuit. 

shut off campressors. 

Close Manual gste valve. 

Bleed off a i r .  

Date : 

Notes : 

Test Staff: 
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APPENDIX 

CWCKLIST': ACCEPTANCE ANI INITRFAC€ TESTING GUIDE 

lm PRESET S I W  STATIC DYNAMIC DYNAMIC 
CHECK TESTC T " D  TESTE 

SSP 
3s 
Local s 
-0te s 
Local ES 
Remote Es 
S r?ti?, valve 
S rate, throttle 
ES rate, Val-re 
ES rate, throttle 
Governor 
Exciter 
Voltage adjust, local 
Voltage adjust, remote 
Frequency adjust, local 
Frequency -idjust, remote 
Anmeter, local 
Oil h l e r  fan 
Greaser operat ion 
Main Breaker t r ip  remot 
Throttle Position 
Throttle Bearing 1 

2 
Expands Bearing Temp 1 

- 

( 1  

Bla 
Bla 
Blb 
Blc 
Bld 

Ble 
B l f  

Blg 
B l h  
B l i  
B l j  

B4 
B4 
B4 
B4 
B4 

B4 
B4 

B4 

B4 

B4 

B4 

B4 
B4 
B4 
84 
B4 - 

Cl9 
c20 

C4,22 
Z1 

C2,23 

c7 

(20 
c12 
Q S  

c l 7  
c10 
c12 
c15 
a7 

C7 
c7 
c7 
c7 

D18 
D18 

D5,28 
321 

14 
D12 
D19 

D11,13, 

D15 
D2 2 
DZ 3 
D23 
D24 
D24 
a2 6 

D2 5 
D28 
D27 
D12 
I312 
D12 
D i  2 

= , lo  

e5,8 

e16 

E l l  ,14 
e12 
El 2 

E12 

E l  3 
e15 

e15 

El 5 
e15 
e15 - 
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A!!PaJDIX (Cont'd.) 

u 11 I 1  ? *  
1 

Alternator Bearing Temp 1 
" 2 I1  ( 1  

Winding" 1 
It 2 
" 3 
" 4 
I' 5 
'I 6 

( 9  ** 
I t  I 1  

I 1  *I 

11 I 1  

I1  I 1  

Intercom 
I .  remote 
KU r-te 

M 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 

c7 
C? 
c7 
c7 
c7 
c7 
c7 
c7 
c7 
c7 
c7 
c7 
c7 
cs 

D12 
D12 
D12 
D12 
D12 
D12 
Dl 2 
D12 
D12 
D12 
Dl 2 
D12 
D12 
D11 
D12 
D12 

e15 
e15 

Els 
E15 
E15 
e15 

e15 
e15 

e15 
e15 

E15 
e15 

e15 
ES 
El 5 
e15 
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Revised 12/01/77 
For T e s t  of 12/04/77 

D. 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

ACCEPTANCE AND IXTERFACL TTING (contd) 

DYMAWIC TEST PROCEDURE: MODIFIED START, RUN, STOP 

Install c i r c u i t r y  with auxiliary switches t o  permit bypassing the  OS switch. 

(This I s  accomplished by placing a switched jumper across  the  OS relay 

output and an aux i l i a ry  switch in the  OS switch output circuit. 

jumper requi res  two switches in  series, one at the start station and one a t  
t he  backup BPM monitor s ta t ion . )  

The switched 

Place a meter across  the  OS switch termlnals. Leave all th ree  w i t c h e s  

in closed (on) posit ion.  

Activate the da ta  logger and intercoms. 

Check f o r  SSP f a u l t  , LOP f a u l t  , Os f a u l t  , OS no f a u l t  

Open auxi l ia ry  switch i n  OS switch c i r c u i t  (near OS switch). Log os 
f a u l t .  

Jumper US and OS in Van.  Log US no f a u l t  and OS no f a u l t  

Inspect the  Power P l a n t ,  V a n ,  and Cables f o r  readiness. 

Verify tha t  Main Circuit Breaker I s  open. S e t  inhouse breaker o f f .  

Record cumulative aperat ing t i m e .  

Operate pump tl t o  prime lube o i l  system. 

Date : T e s t  S t a f f :  

Notes : 
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8. 

9 .  

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17 .  

18. 

Open sha f t  guard bl. 

Leave guard open t o  permit use of surface speed tachometer. 

Manually r o l l  over power train. 

Check ba t t e r i e s .  Close ba t t e ry  switch. Log SSP no f a u l t .  

Reset Fmergency Stop re lay  t o  energize the  sa fe ty  shutdown c i r c u i t .  

Verify t h a t  Exciter switch is in  Underspeed Bypass posit ion.  

Verify that Automatic Stop and Manual 8" ga te  valves are closed. 

Turn on compressors. . 

Open Manual ga te  valve about 1/3. 

Check nitrogen pressure. 

Log eiigineering data. 

Hold S t a r t  switch on. 

With S t a r t  switch st i l l  on, operate  pump 83 t o  p a r t l y  open Automatic Stop 

valve. Rotation should start. Watch Tachometer aud dr ive  

f l u i d  pressure. 

Release S t a r t  button s l i g h t l y  below LOP se tpoin t .  

(wear ear protect ion as necessary.) 

Recharge if necessary. 

See checkl is t  i n  Appendix. 

Observe Thro t t l e  open. 

Watch o i l  pressure t o  bearlngs. 

Observe Automatic 

Stop valve start t o  c lose  slowly. 

f a u l t  . 
With S t a r t  sv i t ch  held on, operate pump #3 t o  p a r t l y  open Automatic Stop valve. 

Arrest with S t a r t  switch. Log LOP 

Observe ro ta t ion .  Monitor Tachometer and d r ive  f l u i d  pressure.  

Monitor o i l  pressure t o  bearings. 

sure  is above LOP se tpoin t .  

Automatic Stop valve. 

Release S t a r t  button when o i l  prqs- 

Observe p l a n t  continue t o  run, t h r o t t l e d  by 

Log LOP no f a u l t .  Observe US f a u l t  at  
p lan t .  

Date : 

Notes : 

Test S ta f f :  
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19. Verify t h a t  lube o i l  reservoir temperature is above 60°F. 

un t i l  i t  Is. 
plant  t o  standard operating speed according t o  the  following schedule. 

Otherwise, w a i t  

Then continue t o  open Automatic Stop valve t o  br ing 

a. Male ro to r  1500 RPH f o r  10 m u t e s  (1/2 speed). S t a r t  the. 

End t h .  

Transfer control t o  governor at 1800 RPM. b. 

c. Adjust governor and automatic s top  valve a l t e rna te ly  t o  br ing  speed to  

2500 RPM (50 Hz). 

d. Excite governor. Pring speed to 2750 RPM. (55 Hz) 

e. Turn on inhouse breaker. Check operation of o i l  fan. 

f .  With governor, slowly br ing speed to  3000 RPM (60 a). Run 10 

minutes under governor control.  S t a r t  time. While running 10 

minutes o r  nore at normal speed, perform s t e p s  g th rough  k. 

g. Adjust voltage at power p lan t  t o  480 V. 
ad2ustment capabi l i ty .  

Check remote vol tage 

h. Adjust frequency t o  60 Hz a t  Poser P l a n t  panel. 

frequency adjustment capabi l i ty .  

Check operation of anmeter at Power Plant.  

Check remote 

I. 

f .  Check greaser operation. - 
k. 

Set  pressure at P1 t o  100 psi .  

Cal ibrate  tachometer with frequency meter a t  60.0 Be. 

h€4 
24. . 

25s. 

Tachometer read- 
Calculate 'cxpected reading f o r  65.0 Hz and enter in s t e p  

Calculate expected reading f o r 6 6 . 6  He and enter in s t e p  

Date : 

Notes : 

T e s t  S t a f f :  
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20. Close Stop metering valve fo r  Automatic Stop valve. 

21. Eold speed t o  standard operating RPM or ad jus t  speed t o  a v ib ra t ion  no& i f  one 

appeared during s ta r tup .  Check operation of V1 two or th ree  times by adjust ing 

s e n s i t i v i t y  and ad jus t  f o r  normal p lan t  operation. Log V1 f a u l t  and 

then no f au l t .  Turn S t a r t  switch t o  reset Stop relay.  

Check operation of V2 two o r  three times by adjust ing s e n s i t i v i t y  and ad jus t  

f o r  normal plant  operation. 
Open Stop metering valve. 
With speed adjusted t o  standard (60.0 Ez generatcr  and 3000 RPM male ro to r )  

cycle  exciter t o  monitor speed change. 

Log V2 f a u l t  and then no f a u l t .  

22. 

Note tachometer speed change. 

23. Turn on voltmeter t o  monitor OS switch. 

24. Increase speed t o  65.0 Hz and check tachometer for correct reading. 

cal = 3250. Calculated. Observed. 

Theoreti- 

25. If observed tachometer reading does not co r re l a t e  w e l l  u i t h  the  calculated 
value, s t e p  23, leave exciter on and set OS switch a t  65 Bz using frequency 

meter as speed reference. 

meter. 
closes. Increase speed u n t i l  OS opens t o  ve r i fy  se t t i ng .  

Repeat as necessary. 

Adjust OS switch t o  open a t  high end of frequency 

Reduce speed with governor and note  speed at  which OS switch 

25a. I f  observed tachometer reading does correlate w e l l  wi th  the  calculated value,  

s t ep  23, t u rn  off  exciter and set OS switch us- tachometer as speed re fer -  

ence. During t h i s  step, continuously monitor RPM and trigger Esrergency Stop 

if RPM exceeds 3450 RPM. 

male ro tor  shown on t h e  tachometer as 
Adjust speed t o  1 1 X  overspeed equal t o  3330 RPM 

RPM calculated in s t e p  19k. 

Date: 

Notes : 

T e s t  S t a f f :  
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26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

Se t  OS d t c h  t o  just open a t  t h i s  speed. Reduce speed with governor 

and note speed at which OS switch closes. Increase speed u n t i l  OS 

opens to  verify sett ing.  Reduce speed t o  close switch and 

repeat procedure as necessary. 

Reduce speed t o  normal and excite generator 

Termiaate bypass of OS switch by first  closing bypasa switch 

opening bypass jumper 

and then 

Remove US fault signal jumper and OS f au l t  signal jumper in 
Van. 

Using Manual gate valve, reduce ICPM t o  monitor US t r i p  speed. 

Observe Automatic Stop valve start t o  close. Log US faul t .  

Prese ES at RPM = 1500 i f  possible and monitor Automatic Stop valve. 

Log engineering data at  intervals  un t i l  restart. 

Open bat tery c i rcu i t .  

Remove meter from Overspeed signal terminals. 

Remove jumper from OS relay output. 

terminal. 

Reconnect lead to  OS switch output 

C l o s e  Manual gate valve. 

Date: 

Notes : 

Test  Staff:  
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ACCEPTANCE AND INTERFACE TESTING (Cont'd.) 
I 

E. DYNAMIC TEST PROCEDURE: SEMI-NO!WAL START, RUN, STOP 

1. Walk around Plant inspection. Verify that Main Circuit Breaker 
is open. Place Exciter switch in U.S. bypass position. 
Set inhouse breaker off. 

2. Manually roll over power train and re-install guard. 

3. Log engineering data. 

4. Operate pump #l to prime lube oil system. 

5. Close battery switch. 

6. Reset ES relav. 

7. 
8.  Check nitrogen pressure. Recharge if necessary. 

Open manual gate valve about 1/3. 

9. Hold Start switch on. Observe throttle open. 

10. While holding Start switch on, operate pump # 3  to open Automatic Stop 
valve part way. Watch Tachometer and driving pressure. 

Watch oil pressure to bearings. Release Start switch when pressure 

exceeds LOP point ( 1~12 psig;. ). Plant will continue to rull, throttled 

by Start/Stop valve. 

11. Verify that lube oil reservoir temperature is above 60'F. Otherwise, 
wait until it is. Then continue. Open Automatic Stop valve to 
bring Plant to standard operating speed, shifting control to the Governor 
and Throttle. Open Automatic Stop valve full?. %nitor 
RPM and adjust Governor as necessary. 

Date : 
Notes : 

Test Staff: 
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12. Turn on Exci te r .  Watch Voltmeter and Frequency Meter a t  Power 

P lan t .  Look f o r  Ammeter response.  Adjust 

frequency to  60 Hz with Governor. Adjust vo l tage  t o  480 V. 

13. Check O i l  Cooler a i r  flow. 

14. Cycle the  Exci te r  t o  check the  Governor response. Monitor e f f e c t  

on frequency. 

15. Operate p l an t  th ree  hours. Log engineer ing da ta .  Refer 

t o  check-l is t  i n  Appendix. Verify Greaser opera t ion .  

16. Press  Stop button i n  Van. Observe Automatic Stop v a l l e  slowly 

c lose  and br ing  P lan t  t o  a s top .  

1 7 .  Turn o f f  Data Logger. Turn o f f  Intercoms. 

. 18. Press  ES but ton t o  open Bat tery c i r c u i t .  

19. Shut of f  compressors. Bleed o f f  a i r .  

20. Close Manual ga t e  valve.  

Date: 

Notes: 

Test S t a f f :  
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PROCESS 8#IHE#CLATURE 

tr 

t s 

t0 

t f 

tl 

Qi 

P1 

Pf 

Tsup 

Pv 

Ps 

Rw 

;m, 

Trt X 

kW 

freq 

eff X 

Brg t 

recycle liquid temperature, OP 

Separator water supply temperature, OF 

combined separator water supply and recycle temperature, OF 

liquid feed temperature, 9 

expandc: inlet temperature, OF 

expander inlet quality, X 

expander inlet pressure, psia 

Liquid feed pressure, psia 

amount of superheat of the steam, OF 

steam feed pressure, psia 

separcrtor pressure, psia 

waste liquid pressure to flow control valve 

waste liquid flowrate, 1000 #/hr 

recycle liquid flowrate, 1000 #/hr 

liquid flowrate from separator, 1000 #/hr (= mf - 
liquid flowrate to inlet mixing manifold, #dhr or 1000blhr 

steam flowrate to inlet mixing maaifold, #/hr or 1000 #/hr 

liquid level in separator, in. 

liquid level in waste tank, in. 

rate of change of liquid level in waste tanks, in/hr 

linear throttle position as percent of fully open 

electrical output of alternator 

frequency of electrical output 

engine effkiency of helical screw expandc,, actual shaft 
powet/theoretical shaft power 

temperature of high speed rotor thrust bearing, OF 

L3 



P2 expander outlet preesure, peia 

e2 expander outlet temperature, OF 

Q2 

t V 

expander outlet quality (steam fraction), % 

steam feed temperature, OF 
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